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ABSTRACT 

This book articulates a theory of learning based on 
learning research and translates that theory into a model of 
classroom instruction. This model is based on the assumption that the 
process of learning involves the interaction of five types, or 
dimensions of thinking, which are loose metaphors for the way the 
mind works during learning. These dimensions are: (l) developing 
positive attitudes and perceptions about learning; (2) acquiring and 
integrating knowledge; (3) extending and refining knowledge; (4) 
using knovrledge meaningfully; and (5) developing productive habits of 
mind. The first six of the book*s seven chapters describe ways for 
classroom teachers to foster these dimensions of learning in their 
students; offer suggestions for planning instruction that addresses 
each dimension of learning; and discuss topics with practical 
relevance to each dimension of learning. The final chapter proposes 
three models for integrating the five dimensions in classroom 
instruction and discusses the assessment of instructional methods 
that are based on the dimensions of learning. A reference list of 
a^^proximately 230 items is provided. (BC) 
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Foreword 



❖ 




Keinventing or restructuring Americans schools has captured the 
nations attention and imagination. Rhetoric abounds with what 
must now be done to change the way the educational enterprise has b^en 
organized, administered, and evaluated. 

"Solutions" to improve our nation's schools have ranged from 
extending the school day or year to -reating national standards and 
assessments. WTiile these reformations may in fact enhance educational 
change initiatives, they do not address *'the heart of the matter," and 
that is the complex systemic and dynamic relationship between how 
teachers teach and how children learn. 

In A Different Kind of Classroom: Teaching with Dimensions of 
Learning, Robert Marzano reviews more than thirty years of research 
on the learning process and translates it into a model of classroom 
instruction that he calls Dimensions of Learning. This instructional 
model is designed to focus our restructuring efforts on authentic student 
learning by altering the current instructional paradig«ii to reflect what 
is now known about how children learn. The Dimensions framework is 
structured on the premise that thft process of learning involves the 
interaction of five types, or dimensions, of thinking: (1) positive attitudes 
and perceptions about learning, (2) thinking involved in acquiring and 
integrating knowledge, (3) thinking involved in extending and refining 
knowledge, (4) thinking involved in using knowledge meaningfully, and 
(5) productive habits of mind. 

The premise of the five types of thinking emphasizes that learning 
is a process of constructing meaning. Classroom instruction must sys- 
temically promote and develop these dimensions if students are to 
become constructive learners with enhanced capacity to take increased 
responsibility for their own learning, and with the knowledge of how to 
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assejs their own growth. The ultimate goal is for students to become 
independent learners who have developed the ability to continue to learn 
throughout their lives. 

The importance of the Dimensions framework for genuine educa- 
tional restructuring and instructional renorming is its emphasis on 
actually using and integrating what we know about learning in the 
instructional process. Marzano emphasizes the critical need for every 
teacher to become an expert on learning and to use that knowledge to 
align and integrate curriculum, instruction, and assessment to support 
genuine understanding. Dimensionsof Learning provides a basic frame- 
work for understanding the teaching-learning dynamic within the class- 
room and for enhancing the learning partnership between the teacher 
and the learner. 

In our efforts to create learning communities that foster complex 
creative and ethical thought. Dimensions of Learning refocuses our 
restructuring initiatives on student learning, which is the foundation of 
long-lasting success in our classrooms. 

—Stephanie Pace Marshall 
ASCD President, 1992-^3 
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Preface 
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Dimensions of Learning is an instructional program that g;ew out 
of the comprehensive research- and theory-based framework on 
cognition and learning called Dimensions of Thinking (which was the 
subject of a book of the same name putMshed by the Association for 
Supervision and Curriculum Development in 1988). Dimensions of 
Learning translates the research and theory explicated in Dimensions 
of Thinking in to a practical model thatX-12 teachers can use to improve 
the quality of teaching and learning in any content area. More than 
ninety educators were part of the Dimensions of Learning Reseaich and 
Development Consortium that worked for two years to shape the basic 
program into a valuable tool for reorganizing curriculum, instruction, 
and assessment. 

Implicit in the Dimensions of Lear»^ing model are six basic assump- 
tions: 

1. Instioiction must reflect the best of what we know about how 
learning occurs. 

2. Learninginvolves a complex system of interactive processes that 
includes five types of thinking— -the five dimensions of learning. 

3. What we know about learning indicates that instruction focusing 
on large, interdisciplinary curricular themes is the most effective way 
to promote learning. 

4. The K~12 curriculum should include explicit teaching of higher- 
level attitudes and perceptions and mental habits that facilitate learn- 
ing. 

5. A comprehensive approach to instruction includes at least two 
distinct types of instruction: one that is more teacher-directed and 
another that is more student-directed. 
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6. Assessment should focus on students use of knowledge and 
complex reasoning rather than on their recall of low-level information. 

The Dimensions of Learning nrogram includes a variety of compo- 
nents designed to help educators fully understand how these six as- 
sumptions affect the teacher's work in the classroom. 

A Different Kind of Classroom: Teaching with Dimensions of Learn- 
ing explores the theory and research underlying the framework. /-^J- 
though teachers need not read this book to use the program, they wili 
have a better understanding of cognition and learning if they do. The 
Dimensions of Learning Tkacher's Manual contains detailed descriptions 
of the instructional strategies inherent to the framework, the decisions 
the teacher must make to use the framework in the classroom, and the 
kinds of assessment that support the five dimensions. For each dimen- 
sion, there are many classroom examples as well as a unit planning 
guide and assessment forms that teachers can use in their own class- 
rooms. Dimensions of Learning Trainer'^ Manual contains scripts, 
overhead transparencies, and guidelines for conducting comprehensive 
training and staff development in the Dimensions program. Implement- 
ingDimensions of Learning explains the different ways the program can 
be used in a school and discusses the various factors that must be 
considered when deciding which approach to use. Finally, a set of 
Dimensions of Learning videotapes introduces and illustrates some of 
the important concepts underlying the Dimensions model. Ibgether, 
these resources guide educators through a structured, yet flexible, 
approach to improving curriculum, instruction, and assessment. 

—Robert J. Marza,^o 
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Learning-Centered 
Instruction: An Idea 
^i^Tiose Time Has Come 

❖ 

The first wave of reform has broken over the nation s public schools, 
leaving a residue of incremental changes and an outmoded educa- 
tional structure still firmly in place. The second wave must produce 
strategic change that restructures the way our schools are organized 
and operate. WeVe been tinkering at the margins of the education 
problem for too long. It's time now to get to the heart of the matter. 

— David Keariis, Deputy Secretary 
of Education (1988, p. 565) 

I believe that the "heart of the matter" of any educational reform or 
restructuring is the relationship between the teaching and learning 
processes. We know that effective teaching mirrors effective learning, 
yet as educators we have not mounted a serious effort to organize 
teaching around tha learning process. Instead, we have viewed educa- 
tion as an institution or an administrative system or a set of instruc- 
tional techniques (Banathy 1980). We have not examined the learning 
process and then built instructional systems, administrative systems, 
indeed, entire educational systems that support what we know about 
the learning process. We have not built education from the bottom up, 
so to speak. 

We have not done so because until relatively recently we knew very 
little about the learning process. As late as 1960, behavioral psycholo- 



ERIC 



A DIFFERENT KINO OF CLASSROOM: TEACHING WITH DIMENSIONS OF LEARNING 



gists viewed the processes underlying cognition, and, conseqaently, the 
processes underlying learning as existing in a sealed ''black box.** John 
Anderson (1990) explains that from its beginningfr in 1920, the behav- 
iorist tradition all but eliminated any serious inruiry int the cognitive 
processes underlying learning. Behaviorism dominated pjsychology for 
over forty years. It v^as not until the advent of cognitive psychology in 
the 1960s that psychologists began to study the underlying processes in 
learning. Since then> researchers in cognitive psychology an^^ the related 
fields of artificial intelligence and cognitive science have created an 
explosion of knowledge about learning. Over the last t <^ decades, we 
have amassed enough research and theory about learnuig to devise a 
truly learning-based model of instruction. 

The ultimate act of restructuring is to change the process of 
instruction and its related acts (planning, curriculum design, and as- 
sessment) so that they reflect the best of what we know about learning. 
This book is meant as a step in that direction. In it, I attempt to 
articulate a theory of learning based on the best available research on 
learning and then translate that theory into a model of class»'oom 
instruction that directly afiects how teachers plan for instruction, design 
curriculum, and assess student performance. The model of instruction 
on which this book is based assumes that the process of learning involves 
the interaction of five types of thinking, what I call the five Dimensions 
of Learning. These five dimensions of learning are direct descendants of 
the Diinensions of Thinking framework (Marzano, Brandt, Hughes, 
Jones, Presseisen, Rankin, and Suhor 1938). The Dimensions of Think- 
ing model was meant to influence the theory of schooling, whereas its 
progeny is meant to influence the practice of schooling, indeed, some 
ninety practicing educators from eighteen school districts in the United 
States and Mexico have contributed to the development of the Dimen- 
sions of Learning model. 

The five dimensions of learning are loose metaphoi-s for how the 
mind works during learning. Certainly there are not five independent 
types of thinking that occur duringlearning; learning involves a complex 
system of interactive processes. But metaphors can open our eyes to new 
ways of seeing, prompting us to explore options that we might not have 
pursued otherwise. For example, the metaphor that the brain is a 
computer provides psychologists with powerful insights, so, too, does the 
metaphor that the brain is a muscle. One metaphor does not negate the 
other; both are useful. I believe that viewing learning as the product of 
five dimensions or types of thinking will allow educators to achieve 
powerful and specific results in the classroom. What are the five dimen- 
sions of learning? Let's take a look. - _ 
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Dimension 1: 
Positive Attitudes and Perception is About Learning 

Attitudes and perceptions color our every experience. They are the 
filter through which all learning occurs. Some attitudes afiect learning 
in a positive way and others make learning ve.y difficult. To illustrate, 
let's consider the thinking of Jana and Carmen. 

Jana's Thinking 

Everyone in the 3rd grade seems to be enjoying Mrs. Paynter*s demon- 
stration of how the earth revolves around thxi sun and the moon revolves 
around the earth. Chad is the sun. He*s standing at the front of the class 
with a flashlight. It's easy for the student? to think of Chad as the sun 
because tho flashlight is bright— just like the sun. Sarah is the earth. She's 
walking around Chad and smiling. Michelle is the moon. She's walking 
around Sarah as Sarah walks around Chad. Michelle almost has to run to 
get around Sarah before Sarah gets around Chad. The students enjoy the 
demonstration, especially the part where Michelle has to run around 
Sarah. The only one not enjoying the demonstration is Jana. It's not that 
she doesn't like science; it's her favorite subject. But at recess a few 
minutes ago, both Sarah and Michelle started teasing her again You see, 
Jana has only been in Mrs. Paynter's class for two weeks. She transferred 
from a school across town and hasn't yet made any friends. In fact, she 
thinks, Sarah and Michelle seem to be her enemies. They certainly act as 
though they hate her. They started in on her right from the first day. Jana 
IS so upset that she can't think of much else. She really doesn't learn from 
Mrs. Paynter's demonstration. 

Carmen's Thinking 

Carmen isn't looking for^vard to Mr. Hutchins' science class, even though 
she thinks Mr. Hutchins' stories are kind of funny, even interesting. It's 
the way Mr. Hutchins assigns tasks that bothers her. Carmen can't always 
fig\»re out exactly what she's supposed to do. And Mr. Hutchins usually 
doesn't give her any help. Last week, for example, Mr Hutchins gave a 
great presentation about evaporation and lold some interestmg stories. 
When he was done, he asked the class to do Experiment #4 on page 13 of 
the text. There was only a short paragraph explaining the experiment. 
Carmen asked Mr. Hutchins tq explain the experiment better, but he just 
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told her to read the directions. Tfen minutes before class ended, Carmen 
realized she had done the entire experiment incorrectly. This frustrated 
her to no end. Now she's worried that the same thing is about to happen 
again. She can already feel her stomach tightening up in a knot. 

These scenarios have at least two elements in common: (1) the 
teacher was presenting content in an innovative and interesting way, 
and (2) a student was distracted from effective learning because of 
specific perceptions. Certainly Mrs. Paynter's demonstration of the solar 
system and Mr. Hutchins' engaging stories are sound educational prac- 
tice, but in each of their classes at least one student could not learn 
effectively because she perceived ihL. something was amiss. Jana felt 
that she was not accepted by her classmates; Carmen was worried 
because she was afraid that she wouldn't be able to figure out what Mr, 
Hutchins expected her to do. The stories of Jana and Carmen both show 
that attitudes and perceptions affect learning. 

One of the major themes in the current research and theory on 
learning is that attitudes and perceptions play a fundamental role in 
the learning process. For example, in their review of research in mathe- 
matical problem solving. Silver and Marshall (1990) found that learners' 
perceptions about their ability to solve problems are a primary factor in 
mathematics performance. If students perceive themselves as poor 
problem solvers, that perception overrides most other factors, including 
natural ability and previous learning. 

At a more general level, attitudes and perceptions have been 
described as part of the learner's "self-system," which oversees all other 
systems (Markus and Ruvulo 1990; Markus and Wurf 1987; McCombs 
1986, 1989; McCombs and Marzano 1990). As learners, we continually 
filter what we are doing through our system of beliefs. Glasser (1981) 
asserts that learners will even try to change the "outside world" to make 
it more consistent with the "inside worid" of their beliefs. For instance, 
if you perceive yourself as unacceptable to your peers, you will act in 
such a way as to make yourself unacceptable. Frank Smith states the 
case even more strongly: 

What we have in our heads is a theory of what the world is like, a 
theory that is the basis of all our perceptions and understanding of 
the world, the soul of all learning, the source of all hopes and fears, 
motives and expectancies. And this theory is all we have. J"we can 
make sense of the world at all, it is by interpreting our interactions 
with the light of our theory (Smith 1982, p. 67). 

u 
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Effective teachers take into account the attitudes and perceptions of the 
learner and tnen shape lessons to foster positive attitudes and percep- 
tions. 

Dimension 2: 
Thinking Involved in Acquiring 
and Integrating Knowledge 

Some noneducators think that learning is a process of passively 
receiving information. More pointedly, they view knowledge as an objec- 
tive entity that learners must somehoM^ assimilate into their minds. 
From this perspective, teaching is a process of dispensing information. 
The teacher moves from student to student, filling each mind with the 
facts of the lesson. When a well-taught lesson is completed, all students 
have the same knov^ledge and understanding of the content 

A radically different perspective of learning has surfaced from the 
research and theory in cognitive psychology. Cognitive psychologists 
view learning as a highly interactive orocess of constructing personal 
meaning from the information available :n a learning situation and then 
integrating that information with what we already know to create new 
knowledge. To illustrate, let*s consider MigueVs thinking. 

MiguePs Thinking 

Miguel has really enjoyed this self-defense unit in phys ed because he's 
been able to learn some kung fu and karate moves. He saw the movie 
Karate Kid four times, so he knows what he'd like to be able to do. Mr. 
Tully has just demonstrated how to do a "back kick." Miguel thinks this 
kicklooks hard. Although he watched carefully as Mr. Tully went through 
the steps, he just can't seem to get started. He cant even imagine how to 
begin. Mr. Tully walks over to him and says, "Miguel, think of the back 
kick like the side kick— but you do it backwards." He demonstrates once 
more. All of a sudden, there is a glimmer of understanding in Miguel's 
eyes. He has a feel for what it might be like to actually do the kick. He 
gives it a try. His attempted back kick doesn't look like Mr Tulles, but it's 
not b id for the first one. Mr. TXilly moves on to someone else while Miguel 
keeps practicing the new kick. With each try, he learns a little more about 
the back kick. He starts to become aware of things Mr. Tblly didn't 
mention. For example, he discovers that it's a lot easier to keep your 
balance if you have your feet close together when you start. Also, if you 
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turn your head before you turn your body, you don't get so dizzy when you 
twirl around. By the end of class, Miguel feels pretty good about this new 
kick, even though he can't do it very well. He practices the kick every night 
for the next four days. By the time Mr. Tuliys next class rolls around, 
Miguel can do the back kick as well as he can do any of the other moves 
he's learned. 

Miguel's thinking illustrates a familiar pattern everyone goes 
through when learning a new skill. Before Miguel could even attempt 
the kick, he had to relate it to what he already knew how to do. A 
fundamental principle of learning is that acquiring knowledge involves 
a subjective process of interaction between what we already know and 
what we want to learn. We are always using what we know to interpret 
what we don't know. If we can't link new content to some thing we already 
know, learning is much more difficult. For example, read the following 
paragraph and try to understand it: 

If the balloons popped the sound wouldn't be able to carry since 
everything would be too far away from the correct floor. A closed 
window would also prevent the sound from carrying, since most 
buildings tend to be well insulated. Since the whole operation 
depends upon a steady flow of electricity, a break in the middle of 
the wire would also cause problems. Of course, the fellow could shout 
but the human voice is nti loud enough to carry that far. An 
additional problem is that a string could break on the instrument. 
Then there could be no accompaniment to the message. It is clear 
that the best situation wouldinvolvelessdistance. Then there would 
be fewer potential problems. With face to face contact, the least 
number of things could go wrong (Bransford and Johnson 1972, p. 
719). 

Even though you recognize every word in this paragraph, you 
probably don't understand it. Bransford and Johnson used this passage 
to demonstrate the power of schemaSy the name for the way we "package" 
information in long-term memory. They wrote the passage using a 
schema that most people have not experienced or would even imagine 
experiencing, so when you read it you find nothing in your long-term 
memory that you can use to interact with the information in the passage. 
If you are given a schema for the passage, however, it is easy to 
understand. Figure 1.1 on page 8 contains a schema that can be used to 
interpret the paragraph above. Study it for a moment and then read the 
passage again. It should be easy to understand this time. 

Understanding something, then, depends on our having experi- 
ences stored in packets in long-term memory that can interact with the 

o ^ m 
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new information presented in a l<*aming situation. Linking our prior 
knowledge to what we are about to learn is always the first type of 
thinking we use v;hen acquiring new knowledge. Bu', as Miguel's story 
illustrated, learning doesn't stop there. Once we have an initial concep- 
tion of information, we have to shape it. Miguel had to go through the 
motions of the back kick many times to discover the finer points of 
successfully performing it. The importance of this aspect of learning is 
difficult to overestimate. Our initial understanding of a concept or a 
process is rarely complete and accurate; we must loop through it several 
times, trimming it here, expanding it there, finding out what works and 
what doesn't. If learners do not engage in this personal organizing and 
shaping process, their understanding will frequently be poor or even 
inaccurate. 

My favorite example of this idea involves my youngest daughter, 
Ashley. When she was five years old, I made three trips to Cedar Rapids, 
Iowa, each trip a week after the previous one. During the first two trips, 
my wife explained to Ashley that I was in a place called Cedar Rapids. 
Capitalizing on the educational opportunity, my wife described some of 
the features of Cedar Rapids and even brought out the map to show 
Ashley exactly where Cedar Rapids is. During the third visit, my wife 
asked Ashley if she remembered anything about where I was or if she 
had any questions about where I was. Quite innocently and sincerely, 
my daughter responded, "Why does Qpd keep going back to Peter 
Rabbit's?" As all learners do, she had used her prior knowledge to 
interpret this new information. Unfortunately, she had attached to it the 
wrong background information. It's rather interesting and more than a 
little humorous to imagine how she was linking her background knowl- 
edge of Peter Rabbit to the new information she was given. Of course, 
my wife corrected the misconception immediately and reviewed the 
information with her, stressing the correct interpretation, a city in 
another state. 

My daughter's experience resembles most initial learning experi- 
ences. Kathleen Roth (1990) provides a wonderful example of how the 
lack of background knowledge affects children's initial understanding of 
science concepts. She describes Kevin, a 7th grader who, after learning 
that plants are like people in that they take in multiple sources of food 
from the environment, initially concluded the following, which he wrote 
on a pretest: 

Food (for plants) can be sun, rain, light, bugs, oxygen, soil, and even 
other dead plants. Also warmth or coldness. All plants need at least 
three or four of these foods. Plus minerals (Roth 1990, p. 145). 
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FIGURE 1.1 

Schema for Brazisford and Johnson Passage 




Source: Bransforc^a^ Johnson 1972 
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Obviously, attaching prior knowledge to new information isn't 
enough. Effective learning requires a more in-depth analysis of the new 
information to organize and shape it in ways that highlight ^at's 
important and to weed out errors. 

The final aspect of initially acquiring and integrating knowledge 
is internalizing information in such a way that it can be readily used. 
Recall that Miguel had to practice the back kick many times before it 
became something he could actually use. LaBerge and Samuels (1974) 
provide a detailed explanation of this aspect of learning. They say that 
for new information to be useful, it must be learned to such an extent 
that we do not have to think much about it when we use it. One of the 
best illustrations of this principle is driving a car. Driving is probably 
one of the more complex things you do every day: You make split-second 
decisions. You perform several actions in rapid succession. And you do 
this at fifty-five miles per hour while having an argument about a 
football game. You have learned the process of driving a car and the 
related road mles to such a point that driving has become automatic. 

Acquiring and integrating knowledge, then, involves using what 
you already know to make se;ise out of new information, working out 
the kinks in the new information, and assimilating the information so 
that you can use it with relative ease. 

Dimension 3: 
Thinking Involved in Extending 
and Refining Knowledge 

Knowledge doesn't rem ain static, even when we learn it to the point 
of automaticity If we continue the learning process, we extend and refine 
what we know. This dimension of learning, like the others, has some 
distinguishing vharacteristics. Let's explore them by considering 
Joleen's thinking. 

Joleen^s Thinking 

In Ms. Kelter's class, students have just completed reading a chapter 
about the battle at the Old North Bridge in Concord, which was a 
beginning point of the Revolutionary War. Tliey have also heard a lecture 
and watched a film about the historic event. They seem to know it well 
They know who participated in the battle, what happened, and even why 
it happened. At least they know the "why" of the battle as it was described 
in the lecture and the film. Tbday Ms. Kelter asks the class to do something 
different. She divides them into small groups and gives them the following 
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assignment; "Explain how the battle at the Old North Bridge is like 
something that has happened in the last twenty years." 

Joleen, who has an A going in the class, asks, "Exactly what are we 
supposed to compare it with?" Ms. Kelter's answer surprises her. "Any- 
thing you want, just show me how they are alike." Almost as a reflex, 
Joleen responds, "What if we pick the wrong thing?" Again, Ms. Kelter's 
answer surprises her: "You can't be wrong on this one, as long as you show 
me how they are alike." 

At first, some of the students in Joleen 's cooperative group think this 
is going to be the easiest assignment they have ever had. "We can't be 
wrong, we can say anything we want." Once they begin, though, they soon 
change their mind. Joleen says, '^What should we pick?" Initially, the 
members of her group start throwing out wild ideas: "It's like a baseball 
game." "It's like a wedding." Finally, in frustration Joleen says, "Wait a 
minute. Stop talking all at once. Let's look at what really happened at the 
Old North Bridge. Forget about who was there and who did what. What 
happened in general?" Her classmates look at her with blank stares. She 
thinks for a while and says, "Here's what I mean: Wasn t it that there was 
this group of people who expected to be attacked by another bigger group? 
So this smaller group was just waiting for something to go wrong. Then 
when they saw some smoke coming from their town th'jy assumed that 
the British had attacked Concord. I mean, because the^ were expecting to 
be attacked, they would probably see the slightest unusual thing as proof 
that what they expected to happen was actually happening." The other 
students start to perk up a bit. Mark says, "OK, I see what youVe getting 
at, It's like the riots that happened in L.A. that we studied. Because the 
people thought the police were going to attack, they saw a really harmless 
thing as the beginning of the attack." 

Joleen and her classmates work on the comparison for the rest of 
the class period. When they present their comparison the following day, 
Joleen, who (to no one's surprise) has appointed herself as spokesperson, 
begins the presentation by saying, "I see the whole thing really differently 
now; it was all kind of a big mistake." 

We can probably safely say that Ms. Kelter's comparison activity 
changed her students' knowledge of the incident at the Old North Bridge. 
Joleen*s view of the incident certainly changed. Psychologists describe 
a variety of ways we can change what we "know" even when what we 
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know is accurate. The types of changes they describe range from small 
changes that occur over time to fairly dramatic changes (Piaget 1954, 
1959; Rumelhart and Norman 1981;Vosniadou and Brewer 1987), It is 
the more dramatic changes that are the focus of Dimension 3, extending 
and refining knowledge. 

Many strategies and activities can help bring about these changes. 
From my admittedly biased position, I commonly credit the "thinking 
skills movement" v^ith developing and popularizing many of these 
techniques. Beyer (1988), de Bono (1985), Swartz (1987), Perkins (1981, 
1985), and many others have given us powerful ways of stretching 
students' knowledge— helping them see things in different v^ays. As 
effective as these techniques and strategies are, they still require learn- 
ers to think at a level that can be a little uncomfortable for them. In 
keeping, William Chase of Carnegie-Mellon University uses the cliche 
"no pain, no gain" to describe the energy and effort necessary to develop 
knowledge to the level associated with expertise (in Anderson 1990, p. 
258). In short, teachers and students should never forget that extending 
and refining knowledge is usually hard work. 

Dimension 4: 
Thinking Involved in 
Using Knowledge Meaningfully 

We acquire knowledge or develop a skill so that we can use that 
knowledge or skill. The type of thinking required to use knowledge is 
related to the type of thinking necessary to extend and refine knowledge 
(Dimension 3). It has some unique and important characteristics, 
though. To illustrate, let's consider Christine's thinking. 

Christine's Thinking 

The students in Mr. Brandts class are a little shook up. TheyVe just 
finished reading a chapter in their textbooks on "climate'* that explains 
how such factors as altitude, humidity, and longitude and latitude affect 
climate. Before that, they watched a film showing the influence of weather 
on the environment. Usually they would next be tested on this information 
and then presented with more information. Tbday , though, Mr Brandt isn't 
going on to the next chapter. Instead, he announces that he wants students 
to use the information theyVe just learned. He wants them to "ask some 
interesting questions you have about the stuff weVe just learned.*' He 
provides a few examples. 'You might want to consider what could happen 
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if the weather patterns changed drastically in our region. Or you might 
want to use the computer simulation program to test out some of your 
theories about the different ways weather can be influenced." Mr. Brandt 
gives the class a choice of five types of projects to work on over the next 
few weeks. He also tells students they can make up their own projects if 
they don't like the ones he's dreamed up. 

Christine has really eryoyed the unit on weather. One 'hing that 
struck her early on is how much money and energy people spend protect- 
ing themselves against weather. "We build walls, roofs, heating systems, 
cooling systems, awnings, and a bunch of other things to keep the weather 
out. I wonder what a house would be like that tried to use weather rather 
than protect against it." At the end of the class, Christine approaches Mr. 
Brandt and tells him about her idea for a project. Mr. Brandt is enthusi- 
astic. He provides Christine with some guidance and challenge by saying, 
"Why don't you see if you can do it within a set budget, using as many 
different aspects of weather as possible?" 

Over the next two weeks, Christine learns more about heating 
systems, cooling systems, wind-driven turbines, and the like, than she 
ever thought she wanted to know. Quite frequently, she goes to Mr. Brandt 
for help. He usually sends her to a book, magazine, or person that has the 
information she's looking for. Although her final product will simply be a 
floor plan and a videotaped explanation of the features of her "weather- 
friendly" house, Christine finds that she has to continually make decisions 
about whatto include and what to exclude in her house. Usee ms as though 
any minor change in her plans affects four other things that must also be 
changed. 

When she finishes the project, Christine tells Mr. Brandt that it was 
the most difficult project she has ever done— and maybe the most reward- 
ing. She now knows why all houses don't use weather more— it's very 
difficult and very expensive. "But," she adds, **it can be done.** 

Christine's task was similar to Joleen's (described in Dimension 3) 
in that both required thinking about content in unusual ways. Both 
tasks challenged the learners by making them go beyond what they 
normally do. Christine's task was much more extended than Joleen's, 
however; Joleen needed to think about and work on her task for a few 
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days, whereas Christine thought about and worked on her task for two 
weeks. It is the extended engagement in complex tasks that allows for 
the deepest learning. Theorists such as Norman Frederiksen (1984) 
have pointed out the inconsistencies between ^'real-life work" and "school 
work/* In school, students engage in short-term tasks that usually can 
be completed in one class period. In life outside the school, the tasks we 
perform take weeks, months, sometimes years to complete. Elliot Jaques 
(1985) asserts that it is only when we work on long-term projects that 
the full complement of skills and abilities characteristic of effective 
learning comes into play. 

Christine's task was also heavily self-directed. She was free to 
select a topic and determine how she would report on it and what 
resources she would use. Student control is another factor that greatly 
affects the type and quality of learning. In a series of studies, Susan 
Harter (1980, 1982) has shown that learners who lack a perceived sense 
of control will naturally "hold back." Learners need to feel ownership of 
the task if they are to unleash all their talents and abilities. Providing 
students with control can be a simple matter of allowing them to choose 
among alternatives. For example, consider Nancy Atwell's (1987) de- 
scription of the effects of providing for student choice in the form of 
sustained silent reading (SSR): 

I began letting my kids read their own books one day each week, and 
they began driving me crasy. Daily at least one student would ask, 
"Ms. Atwell, are we having reading today?" I didn t want to hear this. 
We had reading every day— or at least that was my impression. I 
felt little pinpricks of conscience whenever someone voiced a desire 
for more SSR. But there were too many wonderful anthology selec- 
tions to cover and too many activities to orchestrate . . . ^o. 19). 

The final characteristic of Christine's task is that it was realistic. 
Designing a house is the type of task a person might actually undertake. 
This is exactly the impetus of the "authentic task" movement champi- 
oned by such theorists as Grant Wiggins (1989). Wiggins and others 
assert that what is needed in education is a shift from artificial tasks, 
the purpose of which is to cover content, to more authentic tasks, the 
purpose of which is to engage learners in complex issues that enhance 
the learning of content and the ability to learn. 

In summary, the fourth dimension of learninjr, using knowledge 
meaningfully, demands thinking that is extended over a long period of 
time, directed by the student, and focused on realistic or authentic 
issues. 
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Dimension 5: 
Productive Habits of Mind 

Our mental habits influence everything we do. Poor habits of mind 
usually lead to poor learning, regardless of our level of skill or ability 
Even skilled learners can be ineffective if they haven't developed pow- 
erful habits of mind. To illustrate, let's consider Lorraine's thinking. 

Lorraine's Thinking 

Lorraine considers herself bright, especially in mathematics. Because her 
dad is a mathematics professor at the university, she has a lot of help 
solving her homework problems. In fact, every summer her father has 
obtained a copy of the math text for the upcoming year and gone over the 
problems with her. When she has difficulty with a certain type of problem, 
he has given her hints that make the problem easy By the time she 
encounters the problems in school, she already knows exactly what to do. 
But now she's transferred to a new school and her dad hasn't looked over 
her new math book. It's the first week of math class. The teacher has just 
handed out a set of problems. At first, Lorraine is excited. This is a chance 
to show what she can do. She soon finds out, however, that she's never 
seen problems like these. She doesn't have any experience to call on. 
Lorraine tries the first problem but can't figure it out. She moves to the 
second problem and can't figure out how to solve it either. She begins to 
panic and stops thinking about the problems altogether. "Dad didn't show 
me how to do any of these." Soon she gives up, thinking to hei-self, "These 
problems are just too hard." 

Unfortunately, Lorraine's behavior is not unusual Many people 
amass a certain amount of knowledge and skill in a subject, but don't 
know how to cope when confronted with new situations. I once observed 
a student teacher who performed well unless her students asked a 
difficult question. When this happened, she would give up; she would 
actually stop teaching. Lorraine and the student teacher sufTe*- from the 
same malady Their problem is not a lack of skill or ability; it is that they 
simply give up when answers and solutions aren't readily available. 
They havent developed the mental habit of persisting even when an- 
swers and solutions are not apparent. They havent developed the 
characteristics of true expertise. Researchers and theorists such as 
Ennis (1987), Paul (1990), Costa (1991), Perkins (1984), Flavell (1976), 
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and Amabile (1983) have identified a number of mental habits that 
characterize expertise: 

• Being sensitive to feedback 

• Seeking accuracy and precision 

• Persisting even when answers and solutions are not apparent 

• Viewing situations in unconventional ways 

• Avoiding impulsivity 

Operating from these mental habits makes learning effective and 
efficient. In fact, Lauren Resnick (1987) says that it is operating from 
these habits that renders thinking higher-order in nature. And for years 
Arthur Costa (1991) has been extolling the virtues of these '^intelligent 
behaviors." His assertion is that the habits of mind should be at the core 
of education. What good does it do students to learn content if they do 
not learn to seek accuracy and precision, avoid impulsivity, work at the 
edge rather than the center of their competence, and so on? Some 
educators are rising to Costa's challenge. At least two schools in Denver, 
Colorado, have patterned their report cards after Costa's habits of mind. 

The Relationship Among the Dimensions of Learning 

It is important to recognize that the five types of thinking illus- 
trated by the five dimensions of learning do not function in isolation or 
in a linear order (i.e., first one type of thinking occurs, then another). 
Instead, they interact in the manner depicted in Figure 1.2 on page 16. 
All learning occurs within a set of attitudes and perceptions that either 
promote or inhibit learning (Dimension 1). Learning is also affected by 
the extent to which a learner uses the productive habits of mind 
(Dimension 5). Dimensions 1 and 5, then, form the backdrop for learn- 
ing; thus, they are in the background of Figure 1.2. They are always 
factors to consider in the learning process. 

Given that a learner has attitudes and perceptions conducive to 
learning and is using effective habits of mind, the learner's first job is 
to acquire and integrate new knowledge (Dimension 2); that is, the 
learner must assimilate new knowledge and skills with what she already 
knows. As we have seen, this is a subjective process of interaction 
between oldand new information. Then, over time, the learner develops 
new knowledge through activities that help her extend and refine her 
current knowledge (Dimension 3). The ultimate purpose of learning, 
though, is to use knowledge in meaningful ways (Dimension 4). As 
Figure 1.2 indicates. Dimensions 2, 3, and 4 work in concert. As a learner 
acquires and integrates knowledge (Dimension 2), she also extends and 
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FIGURE 1.2 



How the Dimensions of Learning Interact 
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refines it (Dimension 3). And using knowledge meaningfully (Dimension 
4) involves extending and refining knowledge. 

The five dimensions of learning form a framework that can be used 
to organize curriculum, instruction^ and assessment. In the remainder 
of this book, I describe in more detail various applications of the Dimen- 
sions model. Remember, though, this book is meant to be an introductory 
companion to the Dimensions of Learning training program. The 
Tkacher's Manual for the p'Ogram (Marzano, Pickering, An-edondo, 
Blackburn, Brandt, and Moffett 1992) offers multiple strategies de- 
scribed in some depth, whereas this book briefly describes only a few 
instructional ategies within each dimension, concentrating instead 
on laying out tne research and theory on which the program is based. 
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DIMENSION 1 

Positive Attitudes and 
Perceptions Ahout Learning 

Without positive attitudes and perceptions, students have little 
chance of learning proficiently, if at all. There are two categories 
of attitudes and perceptions that affect learning: (1) attitudes and 
perceptions about tht learning climate and (2) attitudes and perceptions 
about classroom tasks. A basic premise of the Dimensions of Learning 
model is that effective teachers continually reinforce attitudes and 
perceptions in both these categories. The master teacher has intemal- 
ized techniques and strategies for enhancing these attitudes and per- 
ceptions to such a degree that '.he techniques are frequently transparent: 
they have become part of the fabric of instruction and are barely 
noticeable to the undisceming eye. Tb illustrate, let's consider Mrs. 
Salleys class. 

Mrs. Saliey's Class 

It's Monday morning and time for the first-hour class. Mrs. Salley is 
standing ai the doonvay, greeting students as they come in. **H^, Mike, 
how're you doing?" **Martha, I heard you got a couple of hits in the game 
last night." When students are seated, Mrs. Salley usually asks them to 
move into cooperative groups. Tbday, however, she spends some time going 
over a few rules and procedures that students seem to be confused about. 
Although she explained them a week ago, students are ignoring them. 
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When she questions a few students, she finds that their lack of adherence 
is more a product of misunderstanding than of disobedience or disregard. 
She reviews the two rules and asks students what they think about 
them — if they want to change them in any way. No one seems to really 
mind the rules. Only a few students ask for some changes. Most of the 
other students agree that the changes would make the rules better. Mrs. 
Salley responds, "OK, that sounds reasonable.** She writes the new version 
of the rules on the board and explains that she'll keep them there for a 
few days just to remind everyone of them. She then asks students to break 
into cooperative groups. Before they start their assignment, she goes over 
it in detail, providing students with a model of what things should look 
like when the task is successfully completed. She says, ''This might look 
a httle difficult at first, but you can do it. We've gone over everything you 
need, so don't get discouraged. I'll help you if you have any problems. Give 
it your best shot; that's all I'm looking for." 

Although this scenario might give the impression that Mrs. Salley 
was dealing with peripheral issues before she got do\,'n to the business 
of teaching, she was actually setting the stage for learning by attending 
to specific attitudes and perceptions that affect the learning climate and 
classroom tasks. Mrs. Salley was dealing with the learning climate when 
she greeted students at the door, organized them into cooperative 
groups, and discussed and revised the two classroom rules. And she was 
attendmg to attitudes and perceptions about classroom tasks when she 
provided students with a model of what the successfully completed task 
might look like. She was also attending to attitudea and perceptions 
about classroom tasks when she told students that even though the task 
might look difficult, they had all the skills and abilities necessary to 
complete it. 

The relationship between attitudes, perceptions, and learning is 
complex. As the above scenario illustrates, however, there are two very 
general areas on which a teacher can focus with the confidence that her 
efforts will reap rich rewards. 

Fostering Positive Attitudes and Perceptions 
About the Learning Climate 

During the 1980s, the amount of research on the role of classroom 
climate in the learning process increased tremendously (e.g., Brophy 
1982, Fisher and Berliner 1985). Within that body of research and 
theory, climate was conceptualized in terms of factors extdudl to the 
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learner, such as the quality and quantity of the resources available, the 
physical environment of the classroom, and so on. More recently, psy- 
chdlogists have begun to view classroom climate more as a function of 
the attitudes and perceptions of the learner than of elements external 
to the learner. If students have certain attitudes and perceptions, they 
have a mental climate conducive to learning. If those attitudes and 
perceptions are not in place, learners have a mental climate not condu- 
cive to learning. In general, two types of attitudes and perceptions aifect 
learners' mental climate: a sense of acceptance and a sense of comfort 
and order. 

Acceptance 

Intuitively, we know that learning is inhibited if students do not 
feel accepted by the teacher and by their peers. You may recall a time in 
elementary school when you did not feel accepted by your peers, or a 
time in college when you felt that a professor did not respect you. In both 
cases, these perceptionc probably distracted you more than a little from 
learning. Researchers confirm the importance of a sense of acceptance, 
Ibm Good and his colleagues (Good 1982, Good and Brophy 1972) have 
illustrated the importance of students' perceptions of their acceptance 
by the teacher. Similarly, for decades Arthur Combs (1962, 1982) has 
chpmpioned the importance of students' perceptions of their acceptance. 

Virtually all of the research and theory in this area indicate that 
teachers help students feel accepted in the classroom through seemingly 
trivial yet very important behaviors. Recall Mrs, Salley's greeting stu- 
dents at the door. This simple act contributes enormoui.ly to students' 
sense of acceptance. In clinical psychology, Robert CarkhufT(1987) has 
identified specific behaviors that foster acceptance. In education, too, 
several researchers and theorists have identified and articulated spe- 
cific techniques to enhance students' perceptions of acceptance. Much of 
the work of Madeline Hunter (1969, 1976, 1982), for example, and the 
techniques presented by Kerman, Kimball, and Martin (1980) in the 
popular Tfeacher Expectations and Student Achievement (TESA) pro- 
gram deal with activities that enhance students' perceptions of their 
acceptance. A teacher can foster students' sense of acceptance in many 
ways: 

• By making eye contact with each student in the class, being sure 
to pay attention to all quadrants of the classroom. 

• By calling all students by their first or preferred name, 

• By deliberately moving toward and staying close to learners. 

• By touching students in appropriate and acceptable ways, 
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Overtly planning for and using these and related behaviors can 
help students feel accepted and can also foster teacher insight and 
awareness. For example, a secondary science teacher once told me that 
after trying to give eye contact to students in each quadrant of the 
classroom, she realized that she always avoided looking at students in 
the left back section of the room. She wondered aloud if she had been 
doing this all through her fifteen years of teaching and said that if she 
had, she felt sorry for the hundreds of students who had sat in that part 
of the room. 

Teachers also influence students' sense of acceptance by the man- 
ner in which they respond to students^ questions. Here arc a few basic 
but powerful behaviors: 

• Prov'ding wait time — pausing to allow a student more time to 
answer inotead of moving on to another student when you don't get an 
immediate response. 

• Dignifying responses — giving credit for the correct aspects of an 
incorrect response. 

• Restating the question— asking the question a second time. 

• Rephrasing the question — using different words that might in- 
crease the probability of a correct response. 

Providing guidance — giving enough hints and clues so that the 
student will eventually determine the correct answer. 

Again, these actions may seem insignificant, but they send power- 
ful messages to students. One teacher told me that she never realized 
the extent to which she was communicating a lack of acceptance of her 
students until she began monitoring her responses to their incorrect 
answers. She found that her usual response was to immediately move 
on to another student until she received the coiTect answer. She con- 
cluded that her behavior during questioning had highly negative over- 
tones that probably made students reluctant to answer her queries. 

Students need to feel accepted by their classmates as well as by 
their teacher. Although this need has been popularized in recent years 
through the cooperative learning movement, its importance has been 
recognized for decades in the research on the social aspects of learning. 
According to Slavin (1983), research on the utility of cooperative learn- 
ing was already well developed by the 1920s. From his review of the 
literature, Slavin has concluded that the positive effects of cooperative 
learning on academic performance are not well established, but its 
effectiveness in fostering acceptance and understanding among the 
members of a group is undeniable. 
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The most popular model of cooperative learning is probably that 
developed by Roger and David Johnson (Johnson, Johnson, Roy, and 
Holubec 1984). In their model, they stress that "individual account- 
ability** and "positive group interdependence" are key elements of coop- 
erative learning. Neither of these dynamics occurs naturally. Ifeachers 
have to structure tasks to create individual accountability and group 
interdependence, usually by asking each group member to be responsi- 
ble for a difTerent aspect of a task. For example, one member might be 
responsible for gathering information, another for organizing the infor- 
mation into a cohesive whole, another for orchestrating the best way to 
report the information, and so on. Individual accountability and positive 
group interdependence are also fostered by asking students to assume 
different interaction roles, such as facilitator, recorder, and reporter. It 
is these very dynamics of cooperative learning that increase the prob- 
ability of acceptance among group members. Slavin (1984) notes that 
this probability is heightened when teachers structure cooperative tasks 
so that groups are mixed in terms of ethnicity, gender, and ability. 

Cooperative learning is not the only way to nurture students' sense 
of acceptance. Based on his theories of psychotherapy, Glasser (1965, 
1969) has devised the classroom meeting, a period of thirty to forty-five 
minutes during which stucl3nts and teachers set aside their normal 
academic activities to engage in nonjudgmental discussions of personal, 
behavioral, or academic problems in an effort to find collective solutions. 
Glasser describes three types of meetings, each with a slightly different 
focus. In their discussion of Glasser*^ odel, Joyce and Weil (1986) focus 
on the social problem-solving meetir.^ »hich is usually concerned with 
behavioral and social problems. It is the ^/oup dynamic in such meetings 
that generates a sense of acceptance among members: 

The orientation of the meeting is always positive — that is, toward a 
solution rather tlian toward faultfinding. Obviously, many problems 
do not have a single answer. For example, in the case of coping with 
a bully, the solution is often in the class discussion itself (Joyce and 
Weil 1986, p. 207). 

Feeling accepted is an important aspect of a positive learning 
climate. Tlie formal and informal techniques described above can help 
teachers create this environment. 

Comfort and Order 

Comfort as described here refers to physical comfort. A studentfs 
sense of physical comfort in the classroom is affected by such factors as 
room temperature, the arrangement of furniture, and the amount of 
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physical activity permitted during the school day. Researchers investi- 
gating learning styles have found that students define physical comfort 
in different ways (Carbo, Dunn, and Dunn 1986; McCarthy 1980, 1990). 
Some prefer a noise-free room; others prefer music in the air; some prefer 
a neat, clutter-free space; others feel more comfortable surrounded by 
their v/ork-in-progress. Tb accommodate such diversity, many learning- 
style theorists suggest that students work together to develop group 
standards for the physical environment of the classroom. For example, 
as a group, students can decide: 

• How to arrange desks and other furniture. 

• When to take breaks and what kind of breaks they will be. 

• What to display on the bulletin boards and walls. 

Presumably, allowing students to make these kinds of decisions 
keeps in check the teacher's natural tendency to organize the physical 
environment in a manner that is comfortable for her but not necessarily 
for her students. 

Another important aspect of a sense of comfort is the affective tone 
of the classroom. Research by Mandler (1983) and others (Santostefano 
1986) indicates that a positive affective tone is generally conducive to 
learning. Most teachers foster a positive affective tone by capitalizing 
on the lighter side of instruction and even building levity into their daily 
routine. For instance, I once observed a secondary teacher who had been 
described to me as "the best of the best," and within five minutes of the 
start of her class, I found myself laughing. When I reflected on my notes 
to identify the factors that made her the "best of the best," I concluded 
that she not only knew the content well and presented it cleariy, she also 
quite consciously got students (and myselO laughing and maintained 
the jocular tone throughout the lesson. In retrospect, I saw that I had 
learned a great deal and had fun doing it. 

Until recently, little attention has been paid to the importance of 
positive affect in teaching, but the clinical work of Roger Mills and his 
colleagues (Mills 1987; Mills, Dunham, and Alpert 1988) has illustrated 
its central role in learning. Basically, Mills asserts that our affective 
state at any point in time colors our cognition and behavior. The highest 
affective state is joy or happiness, and Mills asserts that teachers should 
overtly attempt to bring about this state whenever possible. Tbachers 
who have for years used humor as a part of their instructional repertoire 
can take pleasure in knowing that they have been capitalizing on a basic 
principle of human behavior to enhance student learning. 

Order refers to identifiable routines and guidelines for acceptable 
behavior in the class. Thanks to the research on classroom management 
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(AnJerson, Evertson, and Emmer 1980; Emmer, Evertson, and Ander- 
son 1980), educators have clear directions on how to proceed. For 
example, we know that explicitly stated and reinforced rules and proce- 
dures create a climate conducive to learning. If students don't know the 
parameters of behavior in a learning situation, the psychological envi- 
ron ment can become chaotic. Rules and procedures are commonly estab- 
lished for the following: 

• Beginning class 

• Ending class 

• Interruptions 

• Instructional procedures 

• Noninstructional procedures 

• Grading procedures 

• Genera • condvct in the room or school 

• Communication procedures 

Order also refers to the perception that the learning environment 
is safe. Although Maslow (1968) established the importance of a sense 
of safety, it was probably the work of the late Ron Edmonds (1982) that 
made educators most aware of the importance of a perceived sense of 
safety in the learning process. At a fairly global level, Edmonds noted 
that students must believe the school grounds are safe; that is, they must 
believe they can eat lunch in safety, use the lavatories in safety, walk 
home in safety, and so on. For the vast majority of American schools this 
level of safety has already been secured (although it remains a concern 
in environments where "gang cultures" have established a foothold). 

Students must also believe that they won't be victimized by other 
students in direct or indirect ways, and that if they are, teachers will 
immediately intervene. Unfortunately, breaches of safety frequently go 
unnoticed by teachers. I once interviewed a secondary teacher who was 
"sure** that students in his homeroom class perceived the school in 
general and his class in particular as a safe environment When he asked 
students to fill out an anonymous questionnaire about their perceptions 
of safety, however, he discovered that some students in his class were 
practicing what amounted to extortion — demanding payment for protec- 
tion. 

In summary, teachers need to be aware that their simplest behav- 
iors often determine whether students feel accepted— by both teachers 
and classmates. And they need to be aware that they can adjust the 
physical environment of the classroom to make students feel more 
comfortable. 



ERLC 



DIMKNStON 1: POSITIVK ArTtTlDFlS AM) PKRCEPri()SSABOtTI.KARM\(; 



Fostering Positive Attitudes and Perceptions 
About Classroom Tasks 

Proficient learners believe that the tasks they are asked to perform 
have value, that they have a fairly clear understanding of what the tasks 
require, and that they have the resources necessary to complete the 
tasks. Ifeachers can use specific classroom techniques tc bolster these 
beliefs. 

Task Value 

Of the beliefs listed above, the perceived value of tasks is probably 
themostimportant tothelearner*s success. Current research and theory 
on motivation (McCombs 1984, 1987; Schunk 1990) indicate that learn- 
ers are most motivated when they believe the tasks theyVe involved in 
are relevauc to their personal goals. Glasser (1981) and Powers (1973) 
hypothesize that human beings operate from a hierarchical structure of 
needs and goals: they must satisfy basic physical needs (e.g., food, 
shelter) and psychological needs (e.g., acceptance, safety) before being 
able to form goals— to decide what they are "consciously trying to 
accomplish" (Schunk 1990). From this perspective, working to develop 
a positive mental climate, discussed in the previous section, focuses on 
meeting students' psychological needs. A growing body of research 
indicates that when students are working on goals they themselves have 
set, they are more motivated and efficient, and they achieve more than 
they do when working to meet goals set by the teacher (Horn and Murphy 
1985, Schunk 1985). This research strongly implies that if educators 
expect students to be motivated to succeed at classroom tasks, they must 
somehow link those tasks to student goals. Some powerful ways of doing 
this include allowing students to structure tasks around their interests, 
allowing students to control specific aspects of tasks, and tapping 
students' natuial curiosity. 

Overtly gearing tasks to student interests is a simple matter of 
knowing what students are interested in and then linking tasks to their 
interests. For example, knowing that many students in her class are 
fans of professional basketball, a mathematics teacher might use the 
box scores from the newspaper to illustrate the concept of the "average." 
Oddly enough, there is little research evidence indicating that teachers 
are using student interests, except in the area of reading instruction. 
Morrow (1991) notes that within that body of research, the trend is 
toward identifying and capitalizing on student interests, especially 
within literature-based instructional approaches. 
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Allowing students to specify how tasks will be completed means 
that assigned tasks are relatively open-ended. For example, an English 
teacher might review the rules for using commas and then, as a practice 
activity, ask students to find examples of each rule in whatever kind of 
material they want to read. A student interested in baseball might use 
the sports page. A student interested in music might use the written 
lyrics to popular songs, and so on. 

Capitalizing on the natural curiosity of students is another way of 
making tasks relevant. Human beings are naturally curious. In effect, 
we are "hard-wired** to want to know why things happen, ho w they work, 
what the parts are, what will happen if . . . , and so on (Lindsay and 
Norman 1977). Teachers can tap this natural curiosity by offering 
interesting "tidbits** along with content. For example, I once observed a 
teacher present students with some of the details of Hemingway's life 
before she asked them to read one of his short stories. Specifically, she 
described how Hemingway had established a counterintelligence or- 
ganization called the Crook Factory to deal with the influx of German 
spies in Cuba and the presence of submarines off its coast during World 
War II. Students were fascinated by the account and their enthusiasm 
carried over into their reading of the stoiy. 



Task Clarity 

Fundamentally, if learners do not have a clear model of how a task 
will look when it is completed, their efforts to complete thetask will often 
be ineffective. Educators like Hunter (1982) have provided teachers with 
strong guidelines about how to make tasks and expectations about tasks 
clear for students. In general, the guidelines suggest that teachers 
provide models of completed tasks. For example, following the Hunter 
guidelines, a language arts teacher who has asked students to write an 
essay might give students an example of a completed essay that illus- 
trates all of the assigned criteria. 



Resources 

Obviously, students must perceive that they have the necessary 
materials, time, equipment, and so on, to complete a task. These are 
external resources. Not so obviously, students must also perceive that 
they have the necessary internal resources— the "right stuff.** Contrary 
to popular belief, the "right stuff* is not necessarily ability. In fact, 
current research and theory in psychology indicate that leameis com- 
monly attribute success to any one of four causes (Schunk 1990; Weiner 
1972, 1983): ability, effort, task difficulty, or luck. 

o 

ERIC 26 



DIMENSION Is POSITIVE ATTITUDES AND PERCEPTIONS ABOUT LEARNING 



The first two of these, ability and effort, are key elements of 
motivation. Learners who believe they have the inner resources to 
successfully complete a task attribute their success to effort; there is no 
task they consider absolutely beyond their reach. Learners who believe 
they are good at some things but not so good at others attribute their 
success to ability; they perceive themselves as incapable of success at 
some tasks. In the classroom, teachers should continually reinforce the 
importance of effort and boost students' sense of their ability, Tfeachers 
might give powerful examples of how effort paid off in their own lives or 
in others'. Covington (1983, 1985) suggests that students should occa- 
sionally receive rewards (such as grades) based on their efforts rather 
than on their successful completion of tasks. 

Teachers can improve learning by planning ways to improve stu- 
dents' attitudes and perceptions about the classroom climate and about 
assigned tasks. 

Planning to Develop Positive Attitudes and 
Perceptions About Learning 

Good teachers have always tried to foster positive attitudes and 
perceptions about learning. In a well-run classroom, many of the ways 
they do so seem to be simply a part of the natural flow of activity. But 
seemingly transparent behaviors are usually the result of conscious 
decisions, of teacher planning. Because attitudes and perceptions do 
play such an important role in learning, teachers must overtly plan and 
carry out behaviors to ensure that they are reinforced. lb explore how a 
teacher might plan for reinforcing positive attitudes and perceptions, 
let's consider Ms. Con Win, a junior high school science teacher who has 
decided to develop a unit on weather. As part of preparing for the unit, 
she decides to write up a plan for what she will do to reinforce the first 
dimension of learning. 

Ms. Conklin's Planning for Dimension 1 

Even though she's been teaching for more than ten years, Ms. Conklin has 
decided to make sure that she reinforces positive attitudes and percep- 
tions during her unit on weather. She was prompted to review her methods 
for doing this by a videotape she recently saw of herself in the classroom 
during her second year as a teacher. What she noticed as she watched the 
tape was that she used to do some very nice things in her classes that she 
somehow discarded over the years. For example, she noticed that she 
would frequently touch students on the shoulder as she walked up and 
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down the aisles, and she remembered that this simple acuon seemed to 
create a bond between her and the students, making them feel accepted 
and cared for. She decides to reinstate some of the old practices that she 
let lapse. 

Ms. Conklin begins with a planning guide that lists the two catego- 
ries of attitudes and perceptions in»portant to learning and the compo- 
nents of each (see Figure 2.1). While looking over the planning guide, she 
realizes that she can t attend to all these components in a single unit, so 
she lists the ones she will emphasize and the steps she will take to do so. 

1. Help students feel accepted by the teacher: Greeting students at 
the door every day will help start classes on a positive note. 

2. Help students perceive classroom tasks as valuable. Explaining 
how tasks might relate to students' daily lives will help students develop 
a more positive attitude toward them, Ms. ConkJin realizes that she must 
first find out what her students are interested in, but she thinks the extra 
effort will pay off. 

3. Help students be clear about classroom tasks. Describing how each 
task might look when completed or presenting models of completed tasks 
will help students understand what they are trying to achieve. 

As Ms. Conklin's example illustrates, planning for Dimension 1 is 
basically a matter of asking and answering two broad questions that 
include several more specific questions: 

1. What will be done to help students develop positive attitudes 
and perceptions about the learning climate? 

a. What will be done to help students feel accepted by the 

teacher and by their peers? 
h. ^Vhat will be done to help stuuents perceive the classroom as 

a comfortable and orderly place? 

2. What will be done to help students develop positive attitudes 
about classroom tasks? 

a. What will be done to help students perceive classroom tasks 
as valuable? 

b. What will be done to help students believe they can perform 
classroom tasks? 

c. What will be done to help students understand and be clear 
about classroom tasks? 
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FIGURE 2.1 
Unit Planning Guide for 
Dimension 1: Attitudes and Perceptions 



CLASSROOM CLIMATE 


CLASSROOM TASKS 


What 1 will do to help students: 

Feel accepted by the teaclier and 
their peers 

Perceive the classroom as a 
conifortable and orderly place 

Activities Selected: 


V.nat 1 will do to help students: 

^ Perceive clascroom tasks as 
valuable 

Believe they can perform the tasks 

^ Understand and be clear about 
tasks 

Activities Se'o.Md: 
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These questions cannot be addressed in every lesson. As Ms. 
Conklin's planning illustrates, onl> a few are emphasized in any one 
unit of instruction. Over the school year, though, a teacher would 
probably address all these questions. If a teacher consciously and 
systematically addresses one or more of the areas of Dimension 1, 
students will likely develop and maintain positive attitudes and percep- 
tions about learning. 
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❖ 

DIMENSION 2 

Acquiring and Integrating 
Knowledge 

❖ 

A fundamental goal of schooling Is for students to learn whatever 
is deemed important in a given subject— i n other words, to acquire 
and integrate knowledge. There is a strong movement afoot to suggest, 
wrongly I be'ieve, that many educational innovations either ignore the 
importance of content knowledge or actually work against it. Popular 
books such as E. D. Hirsch's Cultural Literacy: What Every American 
Needs to Know (1987), Alan Bloom*s The Closing of the American Mind 
(1987) and Diane Ravitch and Chester Finn s What Do Our H-Year-Olds 
Know? (1987) have directly or indirectly blamed the curr'^nt emphasis 
on teaching and reinforcing thinking processes (among other things) for 
the perceived decline in test scores across the netion. Many reviewers 
of these works, however, say that these are straw-man arguments. For 
^Aample, Farrell (1991) notes that the critical flaw in all three works is 
that they generate a false dichotomy between teaching thinking proc- 
esses and teaching content- or domain-specific knowledge. They also 
tend to equate an emphasis on domain-specific knowledge with an 
emphasis on factual knowledge. Farrell, commenting on the works of 
Hirsch (1987) and Ravitch and Finn (1987), notes that the heavy 
emphasis on factual recall found in both books would seem to lead 
inexorably to increased teacher domination and prescriptiveness, thus 
perpetuating a tradition that many people assert is crippling American 
education (Goodlad 1984; Powell, Farrar, and Cohen 1985). 
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The belief underlying the Dimensions of Learning model is that 
both content knowledge and thinking and reasoning processes need to 
be taught if want students to become proficient learners. As Glaser 
(1984, 1985) ai.d Resnick (1987) point out, reasoning processes are an 
integral part of content knowledge. Moreover, an emphasis on content 
knowledge does not translate into an emphasis on factual knowledge. 
Although facts are important, they are often rather meaningless in 
isolation. As both Project 2061 (AAAS 1989) and the "standards project" 
of the National Council of Teachers of Mathematics (NCTM 1989) affirm, 
facts are moti relevant when they illustrate, reinforce, or make concrete 
some larger concept or principle. 

There is no debate, then, about the importance of content knowl- 
edge nor is there an attempt to undermine it. There is, however, a 
growingbody of research and theory identifying the most useful content 
knowledge and how to learn it. 

How can educators best help students acquire and integrate knov l- 
edge? Before answering this question, recall the story of Miguel un 
Chapter 1), who learned to perform the back kick in Mr. TuUy's phys ed 
class. Learning the kick initially involved linking new information with 
old information. Miguel compared the back kick with the side kick that 
he already knew how to perform. Next, he had to work out some of the 
kinks and organize the information into simple st ^s. Finally, he had to 
internalize the information so that he could easil> ^ : it again. MigueVs 
story illustrates some of the basic dynamics of acquiring and integrating 
new knowledge, but to fully understand how we acquire knowledge, we 
need to consider the nature of knowledge itself. 



Noneducators tend to think all knowledge is pretty much the same. 
But many theorists believe there are different types of knowledge, each 
involving somewhat different learning processes. At the most basic and 
general level are the two categories of knowledge shown in columns A 
and B below. 



Tlie Nature of Knowledge 



A 

reading a map 
performing long division 
setting up an experiment 
editing an essay 
shooting a free throw 



B 

democracy 
a numerator 
an amoeba 

the conventions of punctuation 
the rules of basketball 
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Column A contains examples of knowledge that involve processes. 
These processes may or may not be performed in a linear fashion. For 
example, performing long division is a process: You perform one step, 
then another, and so on. Reading a map also involves certain steps, but 
these steps, unlike those in long division, do not have to be performed 
in any set order. You might read the name of the map first, then look at 
the legend, or you might just as effectively perform these steps in reverse 
order. Knowledge of this sort is usuaWycdWed procedural knowledge. You 
might think of it as the skills and processes important to a given content 
area. 

The examples in column B do not involve a process or a set of steps. 
Acquiring this type of knowledge involves understanding the component 
parts and being able to recall them. For example, knowledge of the 
concept of "democracy" includes understanding that decisions are made 
by the people, each person has a single vote, votes are weighted equally, 
and so on. It also includes the ability to remember this information or 
at least recognize it at some later date. This type of knowledge is 
commonly called declarative knowledge. 

What is important about these two types of knowledge is that they 
involve somewhat difFere.it learning processes (though both require the 
three general phases exemplified in MigueVs story). The distinction 
between the two types of knowledge is reflected in current efforts to 
define standards for what students should know and be able to do. Let's 
compare the examples below. Ms. Baker's class illustrates how proce- 
dural knowledge is learned, and Mr. DiStefanos class illustrates how 
declarative knowledge is learned. 

Ms. Baker's Class 

Ms. Baker is introducing her students to the process of three-column 
addition. She begins by telling them not to worry—what they are about to 
do is just like what they did with two-column addition. Tb calm her 
students' fears, she takes some time to review the steps of two-column 
addition. As she does so, she writes the steps on the board. Then she works 
on the board the problem 374 + 251, thinking aloud as she does so: "Let's 
see, I add the 1 and the 4 in the first column. That doesn't go over 10 so I 
don't have to carry anything over to the second column. Now I just add the 
numbers in the second column because I didn't have to carry anything, 
OK, the 7 and 5 add up to 12. If this were two-column addition, Fd just 
write the 12 down, but it's three-column addition so I have to consider the 
next column. Well, it's just like what I have to do with the first column of 
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two-column addition. I have to carry over the 1 from the 12. Let*s see, I 
bring the 1 over to the column that has the 3 and the 2; they add up to 5 
plus the 1 that I carried from the secondcolumn. That's it, 625. That wasn't 
so hard. It's the same as two-column addition, only you have to think of 
carrying twice, not just once.** 

When Ms. Baker completes the problem, she adds the steps for 
three-column addition to those already on the board for two-column 
addition. She then reviews the steps for three-column addition by perform- 
ing one more example, pointing out each step as she goes through the 
problem. Students then pair up and work on two practice problems she 
has given them. She tells them to take their time and think through eveiy 
step. When pairs are done. Ms. Baker works the problenas on the board 
with the entire class, pointing out each step. 

The next day, she works another problem on the board. With this 
one, however, she asks the class questions as she goes along: "What would 
happen if this were a 7 instead of a 4? Would I have to carry or not? How 
small a number would have to be here for me not to have to carry? What 
happens if I don't have to carry in the second column but I do in the frst 
and the third? Show me an example. What happens if I've had to carry in 
the second and third columns but not the first? Show me." 

It seems as though Ms. Baker is trying to cover every possible 
situation that might occur with three-column addition and, in fact, she is. 
She is trying to expose students to as many variations as possible. She is 
also trying to point out common kinds of mistakes. It takes her more than 
fifteen minutes to go through a single problem and all its variations. She 
then gives the class more problems to solve. Again, students do them in 
pairs. The students very quickly discover that these problems involve all 
the "tricky parts" and variations Ms. Baker just covered. Even though the 
problems are tough, the students do well. As they work on the problems, 
Ms. Baker walks around the room, helping them with the difficult parts 
and making sure both students in each pair understand the many vari- 
ations she has reviewed. 

Over the next few days, Ms. Baker gives more problems on three- 
colunm addition. She gradually begins to emphasize speed, but she never 
stops emphasizing the understanding of each step. Within a week, stu- 
dents in her class have become proficient solvers of three-column addition 
problems. 
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Mn DiStefano's Class 

Mr. DiStefano is introducing a new chapter on alcohol in health class. He 
begins by asking students what they already know about the topic. Being 
a typical group of Uth graders, they begin with statements like "It's OK 
for adults but they won't let us have any" and "It's fun." Mr. DiStefano 
records their remarks on the board as students call them out. After a few 
minutes, the class starts providing more "academic" responses: "Itfs ad- 
dictive." "It ruins your life." 

After students have generated about ten ideas, Mr. DiStefano gives 
each student a piece of paper divided into two columns. In the left column 
is the phrase "Effects of Alcohol on the Body" and in the right column is 
the jjhrase "Effects of Alcohol on Behavior." Mr. DiStefano asks his stu- 
dents to read the chapter and add items to each column as they do so. He 
says, "By the time you are done reading the chapter you should have at 
leas^ five things listed under each heading." 

The students begin reading. It's a short chapter, so in about fifteen 
minutes everyone is finished. Mr. DiStefcino then says, "Letfs see what 
you*ve come up with." As a class, they go over the information in their 
outlines, and Mr. DiStefano makes a large graphic representation of the 
information. At the top of the graph, he writes, "Alcohol is a very powerful 
drug." Under that he writes the two areas he asked students to attend to, 
"Effects of Alcohol on the Body" and "Effects of Alcohol on Behavior." As 
students call out what they have identified, Mr. DiStefano lists the 
information under the appropriate heading. 

When they finish the list, Mr. DiStefano says that he would like 
everyone to remember a few of the items they've listed. He then puts a 
check mark next to the pieces of infonnation he considers particularly 
important, lb help students remember the marked information, he tells 
a story about someone he once knew who drank too much alcohol. The 
students love the story because Mr. DiStefano makes it realistic. He 
describes sounds, smells, tastes, and emotions. Itfs almost like watching 
amovie. By the time he's finished, he'scovered all the pieces ofinformation 
he checked off on the board. 



In her class, Ms. Baker was helping students learn a new skill, 
threu-column addition. Because it involves steps or rules to follow— in 
this case, rules that must be applied in a relatively strict order— this is 
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a type of procedural knowledge. Learning procedural knowledge in- 
volves three phases that researchers usually call the cognitive, associa- 
tive, and autonomous phases (Anderson 19^2, 1983; Fitts and Posner 
1967). In the Dimensions of Learning framework they have somewhat 
different names that highlight specific aspects of each phase. 

The first thing Ms. Baker did was to help students identify what 
they already knew about three-column addition by likening it to two- 
column addition. She did this because the first step in learning any new 
skill or process is to establish a rough model of it— to get an idea of what 
the skill or process involves. Consequently, we call the first phase of 
learning procedural knowledge model construction. At this stage the 
learner cannot actually perform the skill; he simply has an idea of the 
steps involved. For example, when I first learned how to drive I took 
time to memorize the position of the gears, and I created a model of the 
process of shifting into the various gears that I would frequently re- 
hearse in my mind— even though I had never actually tried it. 

After students had a rough model of the process, Ms. Baker 
engaged them in an in-depth analysis of it. Using a single example, she 
showed several variations of the process and pointed out some common 
pitfalls. This is called the shaping phase of learning procedural knowl- 
edge. It is probably the most crucial part of learning a new skill or 
process because without it errors can easily creep into the new proce- 
dure. As v^e shall see, many of these errors can go unnoticed by even the 
most discerning teacher. 

Finally, Ms. Baker set up a practice schedule for students. The 
intent here was for students to focus on speed and accuracy and develop 
their skill at three-column addition to a point where they could solve 
problems without thinking about each step involved. This is called the 
internalizing phase to emphasize that skills and processes are most 
useful when they are learned to such an extent that they can be done 
with little conscious effort. 

Whereas Ms. Baker was helping students acquire and integrate 
procedural knowledge, Mr. DiStefano was helping students acquire and 
integrate declarative knowledge: specific facts and pieces of information 
about alcohol. Here, too, there were three phases of learning. At first, 
Mr DiStefano asked students what they already knew about alcohol. 
The purpose of this activity was to help students construct meaning: to 
associate what they already knew about alcohol with the new informa- 
tion they were reading about alcohol. The first step in learning declara- 
tive knowledge is to link new knowledge with old knowledge. It's a rather 
curious paradox in learning theory that we have to know something 
about what we are learning to learn it well. But if you stop to think about 
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it, we are constantly using what we know to help us figure out what we 
don't know. 

The second phase of learning declarative knowledge is an organ- 
izational phase. Here the learner arranges the new information to create 
some meaningful pattern. In this case, Mr. DiStefano helped his stu- 
dents by giving them a graphic organizer. This phase is similar to the 
shaping phase of learning procedural knowledge. It involves honing 
information down to the necessary ingredients and identifying impor- 
tant relationships among pieces of information. 

Finally, Mr. DiStefano helped students store the information in 
their long-term memory. This is the final phase of learning declarative 
knowledge: overtly representing information in long-term memoi7 in a 
way that makes it easy to remember later. Mr. DiStefano helped stu- 
dents create mental pictures of the information by telling them a story 
about a friend. 

Helping students acquire and integrate basic declarative and pro- 
cedural knowledge requires attention to the three aspects of learning 
specific to each type of knowledge. Because much of the content students 
encounter in schools is declarative in nature, we will consider declara- 
tive knowledge first. 

Helping Students Learn Declarative Knowledge 

Learning declarative knowledge involves three phases: construct- 
ing meaning, organizing, and storing. We will explore each of these 
phases and discuss a few strategies for helping students move through 
the three phases. 

Constructing Meaning for Declarative Knowledge 

The driving force behind constructing meaning is using what we 
already know about a topic to interpret what we are learning. Without 
prior knowledge with which to interpret new declarative knowledge, 
nothing makes much sense. From a learning perspective, it is impossible 
to overestimate the importance of using prior knowledge to interpret 
new information. Bartlett (1932) illustrated this wher he asked British 
readers to discuss a story from the oral tradition of a tribe of Indians on 
the west coast of Canada. The story fit well with the Indians' view of the 
world or their "schema** for how the world works. It made sense to them. 
It did not, however, make much sense to the British readers, whose view 
of the world was quite different from the Indians'. The British readers 
saw the story quite differently. The story Bartlett used is printed on the 
next page. Read it and see if it makes any sense to you. 
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The War of the Ghosts 

One night two young men from Egulac went down to the river to 
hunt seals, and while they were there it became foggy and calm. 
Then they heard war-cries, and they thought: "Maybe this is a 
war-party.^ They escaped to the shore, and hid behind a log. Now 
canoes came up, and they heard the noise of paddles, and saw one 
canoe coming up to them. There were five men in the canoe, and they 
said: 

"What do you think? We \vish to take you along. We are going up 
the river to make war on the people." 

One of the young men said, "I have no arrows."* 
"Arrows are in the canoe," they said. 

"I will not go along. I might be killed. My relatives do not know 
where I have gone. But you," he said, turning to the other, "may go 
with them." 

So one of the young men went, but the other returned home. 

And the warriors went on up the river to a town on the other side 
of Kalama. The people came down to the water, and they began to 
fight, and many were killed. But presently theyoung man heard one 
of the warriors say: "Quick, let us go home: that Indian has been 
hit." Now he thought: "Oh, they are ghosts." He did not feel sick, but 
they said he had been shot. 

So the canoes went back to Egulac, and the young man went 
ashore to his house, and madeafire. Andhe told everybody and said: 
"Behold I accompanied the ghosts, and we went to fight. Many of our 
fellows were killed, and many of those who attacked us were killed. 
They said I was hit, and I did not feel sick.'' 

He told it all, and then he became quiet. When the sun rose he 
fell down. Something black came out of his mouth. His face became 
contorted. The people jumped up and cried. 

He was dead (Anderson 1990, p. 196). 



The story probably seems bizarre to you. It certainly did to 
Bartlett's readers, who were products of upper-class Edwardian Eng- 
land. In fact, Bartlett found that his readers actually had to change what 
they read to understand it. As Anderson (1990, p. 197) notes, they 
distorted the stor>- to fit their own cultural stereotypes. For instance, 
"something black came from his mouth" in the original story translated 
to "he frothed at the mouth** or "he vomited." 

The power of our background knowledge to influence what we 
perceive was also demonstrated in a study by Brewer and Treyens 
(1981). They brought thirty subjects, individually, into a room and told 
them that it was the ofiTice of the experimenter and that they were to 
wait there for a short time. After thirty-five seconds, the subjects were 
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taken to another room and asked to write down everything they could 
recall about the office. Brewer and Treyens' hypothesis was that the 
subjects would recall items that were part of the standard schema for a 
psychologisrs office, but not recall ver>- many items that did not fit their 
schema for a psychologist's office. And this was, in fact, what they found. 
Specifically, twenty-nine of thirty subjects remembered tha^ the office 
had a desk and a chair, but only eight recalled that it hac a bulletin 
boards a skull. And nine subjects recalled that the office nad books, 
which it did not. 

Constructing meaning using prior knowledge, then, is a vital 
component of learning declarative knowledge. A number of strategies 
can facilitate this process. Such strategies basically help learners access 
what they already know about information, use it to make predictions 
about what they are learning, and then confirm or disconfirm their 
initial guesses. One of the most popular strategies is the K-W-L strategy 
developed by Donna Ogle (1986). During the first phase of the strategy, 
students identify what they think they Know about the topic. For 
example, before reading a chapter describing how lakes die, students 
would list the facts they already know about this phenomenon. Next, 
they would list what they Want to know about the topic: interesting 
questions that have come to mind as a result of identifying what they 
think they knosv. For the topic of dying lakes, students might ask these 
questions: How long does it take for a lake to die? What exactly is the 
process? Can dead lakes be revived? 

Students then read the chapter with an eye toward answering the 
questions they have posed. The last step in the K-W-L process is for 
students to identify what they have Learned. Here students record the 
answers to their questions as well as other information they have 
learned. In many cases, they also find out that what they thought they 
knew was inaccurate. 

Another powerful strategy for the constructing meaning phase of 
learning declarative knowledge is the concept formation strategy de- 
scribed by Joyce and Weil (1988) and based on the research of Bruner, 
Goodnow, and Austin (1956). In the process described by Joyce and Weil 
(and adaptations of it), students are initially presented with examples 
and nonexamples of a new concept. Tb illustrate, if a teacher wanted to 
help students acquire the concept of "an adjective,** she might first 
present students with the following examples and nonexamples: 

Example: Our triumphant team came home after the game. 

Nonexample: We were happy about our triumph. 

Example: He fixed the broken chair. 
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Nonexample: He sank into the chair. 
Example: The bright light hurt my eyes. 
Nonexample: He listened attentively. 

As the teacher presents these examples and nonexamples, stu- 
dents try to determine the critical attributes of the concept being formed. 
In situations like this, learners commonly devise a model containing 
hypothetical characteristics and then use each new example and nonex- 
ample to test the validity of that model. After one round of examples and 
nonexamples is presented, students are given time to reflect on the 
model they have generated. Another set of examples and nonexamples 
is provided to allow students to further test their models. At the end of 
this round, students share their model with the rest of the class so that 
a composite model can be built. More examples and nonexamples are 
provided to test this composite model. Students are then asked to find 
or create their own examples and nonexamples for a final round of 
testing. The concept is then named and a definition constructed by the 
group. The last activity in the process is for students to describe the 
reasoning they used during the concept formation process. 

Strategies for helping students construct meaning for declarative 
knowledge are many and varied. Brainstorming, analogizing, semantic 
webbing, and reciprocal teaching are a few that teachers might use. The 
important point of any of these strategies is that before exposing stu- 
dents to new content, teachers overtly help each learner tap into his or 
herprior knowledge and use that knowledge to guide understandingand 
comprehension. 

Organizing Declarative Knowledge 

You might think that constructing meaning is all there is to 
acquiring and integrating declarative knowledge. But another process 
is necessary for learners to truly make the information their own. In the 
Dimensions of Learning model, this process is called "organizing." At a 
very basic level, organizing involves representing information in a 
subjective way. It includes identifying what is important and not impor- 
tant and then generating a semantic or symbolic representation of that 
information. 

Walter ICintsch and Teun van Dijk have been particularly influen- 
tial in helping us understand this process. In a series of studies (Kintsch 
1974, 1979; Kintsch and van Dijk 1978; van Dijk 1977, 1980; van Dijk 
and Kintsch 1983), they have shown that we create our own internal 
representation (a macrostructure) of the information we comprehend (a 
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microstructure). We do this by replacing specific pieces of information 
with more general ones. For example, if we read that "the dog named 
Spot picked up the tennis ball," we might construct our macrostructure 
using the phrase "the dog picked up a ball." 

We often unconsciously summarize large sets of specific informa- 
tion and thus tend to remember the gist of information rather than 
specifics, lb confirm this for yourself, try writing down the details of a 
movie you saw a week ajo. Then take your written account and watch 
the movie again. You'll find that you probably remembered the general 
theme of the movie but forgot many details. This is because you created 
a macrostructure of the movie; you organized the information in the 
movie in a subjective, concise wa/. 

Perhaps the most obvious strategy for helping learners organize 
information is to use advance organizers, as described by Ausubel 
(1968). These usually take the form of questions provided to students 
before they read a section in a textbook, watch a film, or complete some 
other activity. The questions guide students in organizing the informa- 
tion they will encounter. Some other ways of helping students organize 
information include using physical and symbolic representations, using 
, ^ganizational patterns, and using graphic organizers. 

t'SINO PinSICVK VM) S^MUOlJCRKPIlKSKNTVriONS 

The most basic type of organizational representation is physical or 
symbolic. As the name implies, a physical representation is a physical 
model of the information. For example, in a science class students might 
create a physical model of the solar system using materials like plastic 
balls and wire. They would also be creating a physical model if they 
"acted out" the parts of t o solar system (as in the class described in 
Chapter 1). Physical models include any three-dimensional repre- 
sentation of information. The emphasis is on a realistic image of the 
component parts. 

Symbolic representations are not intended to be as realistic as 
physical representations. Let's use the following equation as an exam- 
ple: 

F=: (M^M^)G 
r2 

The equation states that force (F) is equal to the product of the 
masses of two objects (Mi and M2) times a constant G divided by the 
square of the distance between them (r). With this explanation, you 
might understand the equation at the level of constructed meaning, but 
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to truly understand it you would have to create a symbolic repre- 
sentation that allows you to internalize the relationships among the 
various quantities. Hayes (1981) suggests an image of two large globes 
in space with the learner in the middle trying to hold them apart: 

If either of the globes were very heavy, we would expect that it would 
be harder to hold them apart, than if both were light. Since force 
increases as either of the masses (M's) increases, the masses must 
be in the numerator. As we push the globes further apart, the force 
of attraction between them will decrease as the force of attraction 
between two magnets decreases as wc pull them apart. Since force 
decreases as distance increases, r must be in the denominator (n 
126). 

Physical and symbolic representations, then, force the learner to 
recast information to make salient important information and relation- 
ships. 

Using Okcam/ationai, Paitkkns 

Over the last twenty years, researchers in the field of discourse 
analysis have demonstrated that a great deal of declarative knowledge 
can be organized in various types of semantic patterns. Combining the 
work of Cooper (1983), Frederiksen (1977), and Meyer (1975) yields at 
least six general organizational patterns: 

• Descriptive patterns organize facts or characteristics about spe- 
cific persons, places, things, and events. The facts or characteristics need 
be in no particular order. For example, information in a film about the 
Empire State building— its height, when it was built, how many rooms 
it has, and so on—might be organized as a simple descriptive pattern. 

• Sequence patterns organize events in a specific chronological 
order For example, a chapter in a book relating the events that occurred 
between John F. Kennedy's assassination on November 22, 1963, and 
his burial on November 25, 1963, might be organized as a sequence 
pattern. 

• Process /Cause patterns organize information into a causal net- 
work leading to a specific outcome or into a sequence of steps leading to 
a specific product. For example, information about the events leading to 
the Civil War might be organized as a process/cause pattern. 

• Problem /Solution patterns organize information into an identi- 
fied problem and its possible solutions. For example, information about 
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the various types of diction errors that might occur in an essay and the 
ways of correcting those errors might be organized as a problem/solution 
pattern. 

• Generalization patterns organize information into a generaliza- 
tion with supporting examples. For example, a chapter in a textbook 
about U.S. presidents might be organized using this generalization: 
"U.S. presidents frequently come from influential families." It would be 
followed by examples of specific presidents. 

• Concept patterns organize general categories or classes of per- 
sons, places, things, or events. Concept patterns usually include the 
defining characteristics and specific examples of the concept. For exam- 
ple, a film on the concept of "U.S. presidents" might contain defining 
characteristics of this concept, such > "they are elected by the citizens,'' 
and specific examples of presidents. 

Students can use any one of these six patterns to organize infor- 
mation when they listen to a lecture, read a book, watch a film, and so 
on. Figure 3.1, for example, shows information adapted from a social 
studies textbook. Students might organize this information as a descrip- 
tion of specific events that occurred in Italy and Germany before World 
War II. Or they might organize the information as defining charac- 
teristics about the general concept of "dictators," along with the specific 
examples of Mussolini and Hitler. Finally, they might organize the 
information as examples of the generalization "Dictators can easily rise 
to power in countries that are experiencing severe economic depression." 
With the aid of a few basic organizational structures, this one piece of 
expository information can be organized in several ways. 

USING GHAIMIIC OUGANIZERS 

Using graphic organizers to outline information is very popular in 
the classroom. Examples of how graphic organizers can be used across 
different content areas have been offered by Jones, Palincsar, Ogle, and 
Carr (1987), Heimlich and Pittelman (1988), McTighe and Lyman 
(1988), and Clarke (1991). Using different types of graphic repre- 
sentations to organize information is tantamount to using different 
organizational patterns. Figure 3.2 shows a graphic representation for 
each of the six types of organizational patterns described earlier 

If students wanted to organize the information in Figure 3.1 as a 
generalization about dictators, they might use a graphic representation 
like that in Figure 3.3 (on page 46). 
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FIGURE 3.1 
InfoiTOation from a Social Studies Text 



The United Stales was not the only nation to suffer from the Great Depression. 
The nations of Europe also wjfe hard hit. Moreover, many Europeans had been 
trying to repair the damage to their countnes caused during World War I. 

Bocause of the hardships under which they were forced to live, some 
Europeans were willing to listen to leaders who promised to make their nations 
rich and pr>'verful again. Some of these leaders brought about total changes in 
their countries. Their actions also caused another wotid war. 

Dictators rise to power. In the 1920's and 1930's new leaders formed 
governments in Italy. Germany, and Japan. The governments formed In these 
countries were dictatorships. In a dictatorship, the leader or leaders hold complete 
authority over the people they rule. The people living in a dictatorship have only 
those richts that their leader, the dictator, chooses to give them. Dictators alone 
make all the important decisions in their nations. The decisions made by the 
dictators of Italy. Germany, and Japan led tc ^"orld War II. 

Musso" ' takes over In Italy. After World War I, many Italians wanted to 
feel pride in the strength of their country once again. Benito Mussolini, the founder 
and organizer of the Fascist Parly, convinced the Italians that he and his party 
could strengthen the nation To succeed, the Fas' sts had to take control of the 
economy, the government and many other parts of Italian life. 

In 1922, the Fascists took control of the Italian government, creating a 
dictatorship with Mussolini as leader. Italians who were against Mussolini or his 
government were either thrown into prison or were forced to leave the country. 

Mussolini planned to increase Italy's power and wealth by taking over weaker 
nations. He turned to Africa and. in 1935, attacked Ethiopia. Within a few weeks 
the Italian army overran this East African country and added it to the Italian 
empire. 

Hitler becomes dictator In Germany. After losing World War I, Germany 
continued to struggle with severe economic problems throughout the 1920's. 
These difficulties and the memory of their defeat in World War I brought many 
Gernpans to the Nazi Party. Its leader. Adolf Hitler, promised to make Germany the 
most powerful country in the world. In 1933 the Nazis won control of the German 
government Hitler became Germany's dictator and silenced anyone who opposed 
him. 

The people against whom Hitler directed his greatest hatred were the Jewish 
Citizens of Germany. Hq unfairly blamed them for all of Germany's problems. By 
constantly repeating these false accusations, Hitler aroused public opinion in 
Germany against its Jewish citizens. Then he took away all civil rights and 
property of the Jews, Next, the police rounded up Jewish men. women, and 
children and sent them into concentration camps, or prison camps. 

Hitler promised the Germans that he would add to the territory of their nation. 
He immediately put the country to work maM.ig weapons and other war materials. 
The first nation he moved into was Austria, in 1938. Hitler annexed Austria, he 
explained, because most of its people were Germans. 



Source: Manano 1991. Copyright© 1991 by National 
Council of Teachers of English. Reprinted by permission. 
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FIGURE 3.2 
Six Types of Graphic Organizers 



Descriptive Pattern Sequence Pattern 




Process/Cause Pattern Problem/Solution Pattern 
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FfGT^RE 3.3 

A Graphic Pepresentation of a Generniization 
About Dictators 



Dictators rise to power when countries are weak by promising 
them strength. 



— In Italy 



— Italians wanted to feel proud at' >ut their country. 



Mussolini convinced them that he and Fascists would 
take control of the country and make it strong. 



— 1 922: Fascists created a dictatorship. 



Mussolini sought power by taking over weaker nations, 



In Germany 



After WWI Germany had severe problems. 



— Hitler promised to make the country strong. 



— 1933: Nazis won control of the German government. 



■ — Hitler built a strong war machine and then attacked Austria. 
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If students wanted to organize chat same information around the 
concept of dictators, they might u^e the graphic representation shown 
in Figure 3.4. 

Again, the same information can be organized in a variety of ways 
Ubnig a variety of formats. Remember that organizing information is a 
somewhat subjective process in which the learner structures informa- 
tion in ways unique to her perspective. She highlights some ideas, makes 
others subordinate, and even disregards a few. 



FIGURE 3.4 

A Graphic Representation of the Concept of Dictators 
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Storing Declarative Knowledge 

Storage strategies would be unnecessary if learners didn^t have to 
remember information over an extended period cf time. Being able to 
recall some information, however, is vital for success in all content areas; 
imagine, for example, how difficult much of mathematics would be if you 
couldn't remember the times tables. There is growing national pressure 
for students to recall more and mo/e factual information. Witness 
Ravitch and Finn*s (1987) review of 141 specific pieces of information in 
assessing how much American 17-ycar old& know about literature and 
history Indeed, Doyle (1983) asserts that recall of information is still 
the primary task required of students. 

Cognitive psychologists have taught us a lot about storing infor- 
mation in long-term memory. In fact, we know more about how informa- 
tion can be stored for easy retrieval than we do about almost any other 
aspect of learning. Unfortunately, what we know is usually not taught 
in the classroom. Most students use only verbal rehearsal, perhaps the 
weakest of all the strategies available, to help them remember what they 
have learned. Verbal rehearsal involves saying, reading, or writing 
information several times. Although verbal rehearsal works, its effec- 
tiveness is surpassed by other strategies, all of which fall under the 
general category of elaboration. 

Elaboration involves making many and varied linkages between 
new information and old. An experinicnt by Owens, Bower, and Black 
^1979) illustrates the working principles underlying elaboration. Sub- 
jects studied a story that followed the principal character, a college 
student, through a day in her life, making a cup of coffee in the morning, 
visiting a doctor, attending a lecture, shopping for groceries, and attend- 
ing a cocktail party. The following is a passage from the story: 

Nancy went to see the doctor. She arrived at the office and checked 
in with the receptionist. She went to seethe nurse who went through 
the usual procedures. Then Nancy stepped on the scale and the 
nurse recorded her weight. The doctor entered the room and exam- 
ined the results. He smiled at Nancy and said, "Well, it seems my 
expectations have been confirmed." When the examination was 
finished, Nancy left the office. 

Two groups of subjects studied the story The only difference 
between the groups was that the "theme group" had been told that 
Nancy had been feeling nauseated when she woke up in the morning 
and was wondering if she was pregnant. 

5,9 
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The researchers hypothesized that the subjects who had the extra 
information would develop a theme about Nancy that would automat- 
ically stimulate elaboration. When subjects in both groups were asked 
to recall the information twenty-four hours later, those in the theme 
group recalled it in significantly more detail. Those in the '^neutral 
group" recalled very little. Elaborating on the information they had been 
given helped the subjects in the theme group store the information in 
an easily retrievable manner. 

Virtually all memorization techniques use some form of elabora- 
tion. One of the most powerful ways to elaborate on information is to 
imagine mental pictures, ph; al sensations, and emotions associated 
with the information. Mr. DiStefano was helpinr "tudents elaborate on 
the information about alcohol when he told thv, story of the person he 
knew who drank too much. As he described sounds, smells, tastes, and 
soon, he was helping students create images that were elaborations on 
the basic information about alcohol. 

Many formal memory systems use imagery as an elaboration tool. 
Two of these are the rhyming pegword system (Miller, Galanter, and 
Pribram I960) and the method of '^places" or loci (Ross and Lawrence 
1968), both of which are described in detail by Hayes (1981) and Lindsay 
and Normanll977). One of themost commonly used imagery strategies 
is the "link technique." Here, the learner creates a mental image for each 
piece of information he wants to recall, making sure to create vivid 
patterns by imagining sounds, tastes, smells, and so on. He then links 
the separate images in story fashion. 

For example, if a student used the link technique to store the 
information about dictators, he would first form an image of a dictator, 
perhaps using Saddam Hussein as that image. As he formed the image, 
he would try to incorporate touch, feel, smell, sound, and emotion. T6 
remember that dictators rise to power when countries are weakened by 
promising them strength, the student might imagine Saddam in a city 
that is in grave disrepair, where buildings are falling down and people 
are starving. The dictator would be making a speech promising that he 
will make the city strong again. As the dictator makes the speech, he 
might become larger and larger until he towers above the skyline. Tb 
link the information about Hitler, the student might then imagine Adolf 
Hitler walking into the scene and shaking hands with Saddam Hussein, 
and so on. In short, the student creates elaborated images and then 
"chains" them together in story fashion. 
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Planning for the Acquisition and Integration 
of Declarative Knowledge 



Planning instruction that will help students learn declarative 
knowledge is one of the most difficult tasks a teacher faces, because most 
of what students read, hear, and experience in any unit of instruction is 
declarative in nature. Consequently, the teacher must sift through the 
information students will be exposed to and make important decisions 
about how students will construct meaning and then organize and store 
that information. Let's look at how Ms. Conklin approaches this task. 

Ms. Conklin's Planning for Dimension 2: Declarative Knowledge 

Ms. Conklin is planning a unit on weather. Although she has a general 
sense of what she wants students to know at the end of four weeks, she 
hasn^t really thought through the specifics. She starts by identifying some 
general topics. She knows that she*d like students to understand some- 
thing about tornadoes and weather forecasting because tornadoes occur 
frequently in the region. She also wants students to have a general idea 
of how weather affects our lives. She records these general topics in a unit 
planning guide (see column 1 of Figure 3.6 on page 61). 

If Ms. Conklin knew all about weather forecasting, tornadoes, and 
the effects of weather, she could identify the specific pieces of information 
included in each of these general topiCb. But when she asks herself, "What 
exactly should students know?'* she realizes thats/ie doesn*t really know, 
so she decides to investigate the topics further. She starts by looking 
through the tt xtbouk and finds information about al 1 three topics. She also 
rtad^ a few articles in the encyclopedia, looks through soim filmstripb at 
the library talks to the weather forern^ from Channel 9, talks to a 
meteorologist at the university, and even visits the forecasting tenter at 
the university She*i> amazed at how much information she has to collect 
just to answer this one question. 

For the topic of forecasting weather, Ms. rMiiklin decides that 
students should kno^\ about barometerb and thermuiiieters and the ri&e 
and drop in air pressure. For the topic of tornadoe?, she concludes that 
students should know the sequence of event^ that leadb to the furmation 
ofa tornado Finally, for the topic of how weather afrectsourhfe,yhe thinks 
students should realize that weather influences us in many ways eveo 
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FIGURE 3.5 
Unit Planning Guide for 
Dimension 2: Acquiring and Integrating Declarative Knowledge 
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d^y. She records these specifics in the planning guide (see column 2 of 
Figure 3.5). 

Now that she has identified the specific information she wants 
students to learn, she concentrates on deciding what learning experiences 
she will use in the classroom. She begins with the information about 
weather forecasting. She decides that students will read pages 15-18 in 
the textbook to initially learn about barometers and thermometers. They 
will also watch a filmstrip. And she has invited the weather forecaster 
from Chann^ 9 to talk about air pressure. She records all these decisions 
in the planning guide (see column 3 of Figure 3.5). 

Ms. Conklin also plans how students will be aided in constructing 
meaning for each of the three learning experiences she has identified. She 
decides to use brainstorming for the pages in the textbook, the K-W«L 
strategy for the filmstrip, and an analogy for the lecture. These decisions 
are also recorded in the planning guide (see column 4 of Figure 3.5). 

For each of the learning experiences, Ms, Conklin also thinks about 
activities that will help students organize information. For the textbook 
and film, she decides that she will provide advance organizer questions, 
and with the guest lecture, she will provide students with a graphic 
organizer (see column 5 of Figure 3.5). 

Ms. Conklin*s final decision is about storing information. As she 
thinks about strategies, she concludes that she is not so concerned that 
students remember the information about barometers and ti^errr.v/meters, 
but she does want them to remember the information about air pressure. 
Tb help students store the information in a way that will help them recall 
it easily, she will guide them through the creation of mental pictures, 
physical sensations, and emotions about that information (see column 6 
of Figure 3.5). 

The set of decisions made, Ms. Conklin goes through the same 
process for the specific information about tornadoes and the effects of 
weather. The whole planning process has taken Ms. Conklin a lot longer 
than she anticipated, but she feels very good about what she has done. 
She has established a strong direction for her unit on weather. 

As this example illustrates, a teacher must consider several fun- 
damental questions when planning iubtruction for Dimension 2, acquir 
ing and integrating declarative knowledge: 
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1. What are the general topics? Identifying general topics 
makes good curricular sense because, as noted earlier, most of the major 
curriculum efforts in the content areas are focusing on themes that 
embrace "big ideas " For example, the California K-12 science frame- 
work identifies broad themes such as energy, evolution, and patterns of 
change (California State Board of Education 1990), The Bradley Com- 
mission's report on history in the schools (Gagnon and the Bradley 
Commission 1988) and Project 2061: Science for All Americans (AAAS 
1989) place similar emphases on broad topics, 

Tfeachers should not select topics arbitrarily. They should think 
carefully about the possible reasons for selecting topics: 

• The topics are important to the general culture. 

• They are important to the community. 

• They are of interest to students. 

• They are of interest to the teacher. 

• They will be useful at a later date. 

• They are specified by the district or state, 

• They are topics for which resources are readily available. 

2. What are the specifics? Within any general topic are numer- 
ous specific areas that can be focused on. Students should have some 
freedom and flexibility to focus on the information they consider impor- 
tant, but educators have a responsibility to provide guidance about the 
important information within a general topic. This guidance is the heart 
of the "heritage model" of schooling, which says that it is the duty of the 
education community to help society maintain a common culture by 
passing on specific information to students (Farrell 1991), Although 
there are some efforts at the national level to identify these specifics 
(e.g., Ravitch and Finn 1987), making such decisions at the local level 
seems to be a more valid practice. It makes far more sense for individual 
teachers like Ms. Conklin to decide which specifics to emphasize so that 
adjustments can be made to account for individual st,!deut needs and 
interests and the culture of the local community. 

Regardless of who makes the decision, at this level of planning it 
is important not to equate identifying specifics with identifying facts. 
Klausmeier and his colleagues (Klausmeier 1985, Klausmeier and Sip- 
pie 1980, Katz 1976) have illustrated that large cognitive structures are 
more robust \earning constructs than facts. Focusing on concepts and 
generalization naturally organizes the facts that support thcni, making 
the information easier to understand and recall, 

3. How will students experience the information? One of the 
most important decisions a teacher can make about declarative infor- 
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mation is how students will experience it. In a very general sense, there 
are two ways that students can experience declarative information, 
directly or indirectly, as depicted in Figure 3.6. 

Adirect experience, as the name implies, involves physical activity 
by students. This physical involvement can be real or simulated. For 
example, a real, direct experience for students studying the topic of 
democracy would be one that involved students in a democratic activity. 
The teacher might have students use the democratic process to make all 
classroom decisions during a two-week period. Unfortunately, not all 
classroom content can be experienced directly in a real way. For instance, 
students cannot leani about hibernation by experiencing it directly 
because hibernation is physically impossible for human beings. They can 
simulate the experience, though, by lying very still for ten minutes and 
consciously trying to slow their heartbeat and their breathing. 



FIGURE 3.6 

Ways to Experience Declarative Information 
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Indirect experiences are those in which students are not physically 
involved. Demonstrations, films, readings, and lectures are all indirect 
experiences. Some indirect ways of learning about hibernation would be 
observing a classroom pet that goes into hibernation for the winter, 
watching a film on hibernation, reading about hibernation, or listening 
to an oral presentation about hibernation. 

I often use Figure 3.6 when I ask teachers to rate their use of 
various types of direct and indirect experiences. Lecture and reading are 
the most common experiences used, primarily because they require the 
least amount of time and preparation. If at all possible, though, teachers 
should attempt to vary the ways students experience content. For 
example, in Ms. Conklin's unit on weather, students will have the 
indirect experiences of reading, watching films and filmstrips, and 
listening to lectures. They will also have the direct experience of visiting 
the weather forecasting center at the university and getting some 
hands-on use of the equipment. Over the course of the school year, every 
teacher should be able to use at least some direct experiences and to 
frequently use indirect experiences other than lecture and reading. 

4. How will students be aided in constructing meaning? 

Given the importance of constructing meaning, teachers should use 
ove-t activities with every learning experience to aid students in this 
process. As Figure 3.5 on page 51 shows, Ms, Conklin has decided to use 
a variety of techniques, including brainstorming, questioning, and the 
K-W-L strategy. 

5. How will students be aided in organizing the informa- 
tion? A key aspect of this decision is how much guidance the teacher 
will provide. Given the constructive nature of learning, it's important 
that students create their own organizational schemes. But if certain 
ways of organizing information are important, then students need 
guidance. Consequently, a balance of organizing activities, some di- 
rected by the teacher and some by students, is usually appropriate. Note 
that in some situations Ms. Conklin has decided to provide students with 
an organizational schema; in others, she has decided to have students 
direct the organizing process (see Column 5 of Figure 3.5). 

6. How >vill students be aided in storing the information? 

Every unit of instruction contains an immense amount of declarative 
information, and teachers cannot expect students to remember all of it. 
Some information, though, might be considered important enough for 
the use of overt storage activities. As Figure 3.5 indicates, Ms. Conklin 
has decided that she will guide students through storage activities for 
the information about air pressure and the formation of a tornado. In 
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one case, she will pru\ide the mental pictures, physical sensations, and 
so on, to elaborate on the information. In the other, she will ask students 
to create their own elaborations. 



ERIC 



Helping Students Learn Procedural Knowledge 

Learning procedural knowledge involves three phases: construct- 
ing models, shaping, and internalizing. As with declarative knowledge, 
we will explore each of these phases and outline some ways you can help 
students move through the three phases. 

Constructing Models for Procedural Knowledge 

lb understand the role of model building in procedural learning, it 
is important to understand the three basic types of procedures that 
might be taught in a content area class: algorithms, tactics, and strate- 
gies. Algorithma are sets of steps that guarantee a certain result (An- 
derson 1990, p. 226). Fo»* example, the procedure for multiplication is 
commonly thought of as an algorithm because it involves a series of steps 
that, when followed, will always result in a correct answer. Tactics are 
somewhat different. According to Snowman andMcCown(19f 1 , tactics 
aid in the accomplishment of a goal but do not necessarily ensure its 
accomplishment. They involve general rules rather than a series of 
steps. For example, the general rules for reading a bar graph are more 
tactical than algorithmic in nature . They don't ensure success in reading 
a bar gi'aph, but they increase the probability of success. Strategies^ 
unlike algorithms and tactics, are not specific to any one task. You would 
have a tactic for accomplishing the specific task of reading a bar graph, 
whereas you uould ha\e a general strategy for approaching problems of 
any type. Larkin (1981) found that experts in any field are far more 
strategic in their thinking than nonexperts in that field. 

The initial models a learner builds, then, are somewhat different 
for each of the three types of procedures. The model for an algorithm 
would be a series of steps to be performed in a specific order: first you 
do this, then you do this, and so on. The model for a tactic would be a 
set of general mles (sometimes referred to as heuristics) that have a 
general rather than rigid order of application. The model for a strategy 
would be an even more general set of rules or heuristics that are not 
specific to one task. Although the initial models for algorithms, tactics, 
and strategies are somewhat different, the instructional techniques for 
helping students construct models for the procedures are the same. 
Among the most powerful techniques are analogizing, think aloud mod- 
eling, and flow charting. 

o 
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Analogizing is the process of providing students with an analogy 
that will help them construct an initial modt' of an algorithm, tactic, or 
strategy. The power of using analogy to help students understand a 
procedure was demonstrated in an experiment by Gick and Holyoak 
(1980). They presented their subjects with the following problem (which 
was adapted from Duncker 1945). 

Suppose you are a doctor faced with a patient who has a malignant 
Uimor in his stomach. It is impossible to operate on the patient, but 
unless the tumor is destroyed the patient will die. There is a kind of 
ray t nat can be used to destroy the tumor. If the rays reach the tumor 
all at once at a sufficiently high intensity, the tumor will be de- 
.stroyed. Unfortunately, at this intensity, the healthy tissue that the 
rays pass through on the way to the tumor will also be destroyed. At 
lower intensities the rays are harmless to healthy tissue, but they 
will not affect the tumor either. Wliat type of procedure might be 
used to destroy the tumor with the rays, and at the same time avoid 
destroying the healthy tissue? (Gick uwd Holyoak 1980, pp. SOT- 
SOB). 

Few subjects were able to solve this problem when it was first 
presented because they had no process (tactic) to follow. Gick and 
Hulyoak then presented their subjects with an analogy for the solution. 

A small country was ruled from a strong fortress by a dictator. The 
fortress was situated in the middle of the country, surrounded by 
farms and Mages. Many roads led to the fortress through the 
countrysid* A rebel general vowed to capture the fortress. The 
general knew that an attack by his entire army would capture the 
fortress. He gathered his army at the head of one of the roads, ready 
to launch a full-scale direct attack. However, the general then 
learned that the dictator had planted mines on each of the roads. 
The mines were set so that small bodies of men could pass over them 
safefy, since tha dictator needed to move his troops and workers to 
and from the fortress. However, any large force would detonate the 
mines. Not only would this blow up the road, but it would also 
destroy many neighboring villages. It therefore seemed impossible 
to capture the fortress. However, the general devised a simple plan. 
He divided his army into small groups and dispatched each group 
to the head of a different road. When all was ready he gave the signal 
and each group marched down a different road. Each group contin- 
ued down its road to the fortress so that the entire army arrived 
together at the fortress at the same time. In this way, the general 
captured the fortress and overthrew the dictator (p. 351). 

With this story as a hint, nearly all of the subj ^cts were able to construct 
a tactic that allowed then. vO solve the problem. 
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Perhaps the most frequently used technique for helping students 
construct initial models for procedural knowledge is think-aloud model- 
ing. Although think-dloud modeling has been used for years to teach 
behavior modification strategies, Madeline Hunter (1976) has brought 
this technique to the attention of American educators (see Meichenbaum 
1977 for a review of the use of think-aloud modeling). Think-aloud 
modeling involves the teacher expressing her thoughts and, thus, pre- 
senting a model for the procedure as she works through a skill or process. 
For example, if a teacher were to use think-aloud modeling to help stu- 
dents con struct a model for the process of reading a bar graph, she might 
use an overhead of the graph and say to the class, "Let's see, what's the 
first thing I should do here? Til read the title to get a sense of what this 
graph is all about. Then, Tli look at the horizontal axis— that's the line 
on the bottom." As the teacher thinks through the algorithm, tactic, or 
strategy, students get a glimpse of the steps or heuristics that are involved 
and the pattern of decisions that are made within the skill or process. 

A flow chart is another, slightly more structured, method of model 
construction. Lewis and Green (1982) note that flow charts provide 
students with visual representations of algorithms, tactics, or strategies 
and greatly improve their ability to construct a model. Figure 3.7 shows 
a flow chart that might be presented to or constructed by students to 
help them build a model to develop a tactic for reading a bar graph. 

Flow charts like the one in Figure 3.7 are meant to be nonrigorous 
and informal. Flow charting for the purpose of model building does not 
have to follow the strict conventions used in computer programming, 
where specific symbols (e.g., circles, triangles) have specific meanings. 
In fact, following these strict conventions would probably inhibit stu- 
dents* model building because they would have to try to remember all 
the rules and symbols every time they drew a flow chart. 

Siiaping Procedural Knowledge 

The shaping process is probably the most important part of devel- 
oping procedural expertise. In this phase, learners alter the initial model 
of the skill or process (which was either provided by the teacher or 
constructed by them). Researchers have found that during this stage 
systematic errors are commonly introduced into a skill or process. For 
instance. Brown and Burton (1978) observed a middle school student 
produce the following two errors: 
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FIGURE 3.7 
Flow Chart for Reading a Bar Graph 
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Summarize findings 



According to Anderson 11990), the response of most people (including 
bome teachers) to such errors is to conclude that the student is extremely 
careless, is guessing randomly, or knows nothing. But this student was 
actually following faithfully a rule that he had constructed: 0 ~ N = N; 
that is, "if a digit is subtracted from 0, the result is the digit." The 
infusion of systematic errors like this into an algorithm, a tactic, or a 
strategy is referred to as a "bug." Brown and Burton found 110 such bugs 
that young students may introduce into the subtraction process during 
the shaping phase of learning. 

It is during the shaping phase, too, that learners attend to their 
conceptual understanding of a skill or process. When students lack 
conceptual understanding of skills and processes, they are liable to use 
procedures in shallow and ineffective ways. The Mathematical Science 
Education Board (1990) warns that procedural learning in itself does 
not ensure conceptual understanding. And Clement, Lockhead, and 
Mink (1979) have shown that even a solid knowledge of the steps 
involved in algebraic procedures does nut in most cases (over 80 percent) 
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imply an ability to correctly interpret the concepts underlying the 
procedures. Additionally, several studies have shown that mathematical 
procedures are best used when learned at a conceptual level (Davis 1984, 
Romberg and Carpenter 1986). 

Guided practice is a powerful instructional technique for helping 
students understand procedural knowledge at a conceptual level. Al- 
though the term is most commonly associated with the work of Madeline 
Hunter, it has a rich tradition and theory base stemmingfrom Vygotsky s 
work on the zone of proximal development and the more recent work on 
scaffolding. Vygotsky (1978) hypothesized that a learner needs the most 
guidance when working in Ihe zone of development in which she has not 
yet acquired a skill but has some initial idea of it— in effect, when the 
learner is shaping a procedure she has been introduced to. What is now 
called scaffolded instruction is, at its core, guiding a learner through the 
shaping of a skill or process. 

In guided practice, a teacher (or anyone else familiar with the 
procedure being learned) supervises the learner as she slowly moves 
through the process. The job of the expert guide is to help the learner 
experience possible pitfalls when performing the procedure. Recall Mrs. 
Baker's actions. She took great pains to illustrate a variety of errors that 
leamerF- can make while performing three-column addition. 

During the shaping process, it is also important to illustrate the 
different situations in which the skill or process can be used. Tb do this, 
Ms. Baker would have provided students with a variety of types of 
problems that require three-column addition. This is described as "de- 
veloping the contextual knowledge important to a skill or procedure' 
(Paris and Lindauer 1982; Paris, Lipson, and Wixson 1983). 

It's important to deal with only a few examples during the shaping 
phase of learning a new skill or process. The shaping phase is not the 
time to press students to perform a skill with any speed. Unfortunately, 
Healy (1990) reports that American educators tend to prematurely 
engage students in a heavy practice schedule and rush them through 
multiple examples. In contrast, Japanese educators attend to the needs 
of the shaping process by slowly walking through only a few examples; 

Whereas American ond graders may spend thirty minutes on two 
or three pages of addition and subtraction equations, the Japanese 
are reported to be more likely at this level to use the same amount 
of time in examining two or three problems in depth, focusing on the 
reasoning process necessary to solve them (Healy 1990, p. 281). 

In short, shaping through guided practice requires a knowledgeable 
teacher who slowly works with students at a conceptual level. 
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Internalizing Procedural Knowledge 

The final stage of learning a skill or a process is to internalize the 
knowledge: to practice it to the point where you can perform it with 
relative ease. Actually, it is most accurate to think of skills and processes 
as being located on a continuum of skill levels ranging from controlled 
processing to automaticity (LaBerge and Samuels 1974, Shiffrin and 
Schneider 1977). Algorithms are commonly learned to the point of 
automaticity. For example, many algorithmic aspects of driving a car or 
comprehending language are learned at the automatic level. Controlled 
processes, on the other hand, require conscious thought even when 
perfected. For example, many of the strategies used in chess require 
conscious thought, even when used by experts. Internalizing, then, 
involves learning a procedure to the point at which it can be used with 
ease, whether it is performed automatically or with conscious control. 

Regardless of whether a process is learned to the level of automat- 
icity or the level of expert control, it is extended practice that gets the 
learner there. This was dramatically illustrated by KoUers (1976, 1979), 
who taught subjects to read passages that were inverted and backwards. 
After reading 200 pages, KoUers' subjects were able to read the inverted 
passages almost as quickly as they could read regular passages. As 
Anderson (1990) notes, such studies demonstrate that with enough 
practice, we can internalize skills and processes regardless of their 
nature. When skills are internalized, we don't have to pay attention to 
them and, thus, we can devote more attention to processing new infor- 
mation. 

There does not seem to be any limit to the effects of practice, though 
aftei acertain amount of time the returns certainly diminish. Describing 
a study done on a woman who made her living rolling cigars in a cigar 
factoiy, Anderson notes: 

There do not appear to be any cognitive limits on the speed with 
which a skill can be performed. Her speed of cigar making . . . 
(improved) . . . over a period of ten years. When she finally stopped 
improving, it was discovered that she had reached the physical limit 
of the machinery with which she was working! (Anderson 1990, p. 
261). 

In short, it is practice— a lot of it— that enables the learner to internalize 
a skill or process. 

Probably the most detailed work on practice as an instructional 
device has been done in the field of precision teaching, an instructional 
method developed by Ogden Lindsley (1972). The techniques of this 
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method have been used in virtually every academic discipline, and a 
powerful organization headed by Carl Binder has sprung up to support 
it. Highly behavioristic in nature precision teaching involves peri- 
odically measuring students' speed and accuracy in performing a skill 
and then marking each measurement on a "Standard Behavior Chart.** 
Using the chart, students and teachers can observe progress until a 
specific goal is met. 

Precision teaching is a time-consuming and rigorous way of inter- 
P'^lizing a skill. Although very powerful, this method is probably far too 
labor-intensive for most teachers. Some aspects of precision teaching, 
however, can be readily adapted to classroom instruction— namely, 
practicing with specific goals of speed and accuracy in mind. For exam- 
ple, a teacher in San Diego who uses an adaptation of precision teaching 
explained to me how she emphasizes speed and accuracy when her 
students practice a new skill, such as dividing by fractions. Tv. enhance 
accuracy, she periodically provides students with sample problems, 
which they perform independently in a set period of time. They then 
chart their accuracy. Over two weeks, students might do this four to 
seven times. Their chart provides a visual record of their progress. The 
same technique is used to enhance their speed. 

Planning for the Acquisition and Integration 
of Procedural Knowledge 

Instruction that will help students acquire and integrate proce- 
dural knowledge is usually the result of a teacher s careful planning. Tb 
illustrate, let's consider Ms. Conklin's planning for the weather unit. 

Ms. Conklin's Planning for Dimension 2: Procedural Knowledge 

As Ms. Conklin plans how she will help students acquire and integrate 
declarative knowledge, she also considers procedural knowledge. She 
starts by asking herself a basic question: "What skills and processes will 
students encounter in the unit?" She comes up with three ideas: 

• Predict weather 

• Read a barometer 

• Operate the computer simulator at the university forecasting 
center 

The more she thinks about it, though, the more she realizes that 
students don't need to know how to perform some of these processes; they 
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simply need to be aware of them. For example, Ms. Conklin doesn't really 
expect students to be able to use the computer simulator with any level of 
expertise. She only wants students to have the experience of using a 
simulator. With this realization, she changes her question: **What skills 
and processes do students really need to master?" She decides there is only 
one. the process of reading a barometer, which students will be expected 
to be able to do later in science class. 

Next, Ms. Conklin thinks about how she can help students develop 
a model for the process of reading a barometer. She decides that she will 
think aloud as she performs the process and write the steps on the 
blackboard as she does so. She will also ask students to create a flow chart 
of the process. She records her decisions in the planning guide (see column 
2 of Figure 3.8 on page 64). lb help students in the shaping process, sLe 
decides that she will ask a few students to read the barometer in front of 
the whole class. As they do so, she will ask "what iP questions that will 
make students aware of the errors they might easily make when reading 
a barometer. She realizes that she will have to practice reading a barome- 
ter herself to be able to identify and point out the pitfalls in the process. 
Finally, to help students develop their ability to a level of automat icity, 
she will establish a practice schedule for them and ask them to keep track 
of their accuracy. Again, she records her decisions in the planning guide, 

Ms. Conklin's example illustrates four questions important to 
planning for procedural knowledge: 

1. Which skills and processes do students really need to 
master? Many teachers fall into the trap of trying to help students 
master all the skills and processes presented in a unit. Students don't 
need to master everything, Tb decide which skills and processes to teach 
in the manner described in this chapter, the general rule of thumb is to 
select that those are necessary for students* present or future success. 
For example, the process of using a telescope might be covered in an 
introductory course on astronomy, even though it is not considered 
essential to successfully acquiring and integrating the importantknowl- 
edge of the course. In this case, the teacher would probably simply 
demonstrate the process, so that students are aware of it, and ask them 
to try it a few times. 

Some skills and processes, though important to present or future 
success in a content area, are familiar enough to students that extensive 
instruction isn't necessar> For example, if students are already quite 
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FIGURE 3.8 
Unit Planning Guide for 
Dimension 2: Acquiring and Integrating Procedural Knowledge 
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proficient at reading a bar graph, they might easily internalize the 
process of reading another type of graph without going through the 
model building, shaping, and internalizing phases described here. Se- 
lecting the skills and processes that actually require attention to the 
three phases of learning procedural knowledge is a key curricular 
decision. 

2. How will students be aided in constructing models? Given 
the importance of model building to procedural learning, teachers 
should be sure to attach some type of model-building instruction to 
important skills or processes in a unit. Ms. Conklin used think-aloud 
modeling, writing out the steps of the procedure, and flow charting. Such 
tectmiques help students establish the initial model. Without that 
model, procedural learning is reduced to trial and error. 

3. How will students be aided in shaping the skill or proc- 
ess? Shaping is the most often overlooked part of learning procedural 
knowledge. Besides requiring an in-depth knowledge of the skill or 
process being taught, shaping demands time and energy, commodities 
that the typical school atmosphere works against. Successful shaping 
requires teachers to think about the various kinds of errors that can be 
made within the skill or process and the various contexts in which the 
skill or process might be used. In short, if teachers plan to help students 
shape a skill or process, they themselves need to have a high level of 
expertise in it. Recall that Ms. Conklin found that she had to practice 
reading a barometer herselfbefore she could guide students through the 
shaping process. 

4. How will students be aided in internalizing the skill or 
process? Key considerations here are how much and what kind of 
practice will be considered. Following the axiom of combined, massed, 
and distributed practice, a teacher might set up several practice sessions 
spaced fairly close together in the early stages of internalizing a skill or 
process. Over time, the practice sessions would be spaced further and 
further apart. The teacher must also decide what emphasis she will 
place on speed and accuracy during practice. In general, the more 
accuracy and speed with which a skill or procedure can be performed, 
the freer learners are to devote the limited capacity of short-term 
memory to dealing with other issues, thus increasing the flexibility of 
their performance. 
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In summary, the acquisition and integration of declarative and 
procedural knowledge is basic to the learning process. Although some- 
what similar, the two types of knowledge require different emphases. 
When acquiring and integrating declarative knowledge, the learner 
must initially construct meaning by associating new knowledge with 
prior knowledge. Then she must organize the information so to 
emphasize important ideas and relationships. Finally, if she wants to 
retain the information in long-term memory, she must do something to 
help her store the information. When acquiring and integrating proce- 
dural knowledge the learner must initially build a detailed model of the 
process involved. Then he must shape the process by eliminating errors 
and identifying the most efficient techniques for completing the process. 
Finally, he must practice the process until he can perform it with rel ative 
case. 

lb help students acquire and integrate declarative and procedural 
knowledge, a teacher must have a keen understanding of both types of 
knowledge and be able to plan instruction that is sensitive to their 
differences. 
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❖ 

DIMENSION 3 

Extending and Refining 
Knowledge 

❖ 

If the purpose of learning were simply to acquire and integrate 
knowledge, little more would have to be done instructionally than 
has already been described in Dimensions 1 and 2. But learning is not 
a simple matter of being "filled up" with content and skills that rest 
neatly in niches in the mind. The most effective learning occurs when 
we continually cycle through information, challenging it, refining it. The 
content in any field should be thought of. ' "a landscape that is explored 
by criss-crossing it in many directions" (Spiroetal. 1987, p, 178), In more 
cognitive terms, once information is acquired and stored in long-term 
memory, it can be changed— and in the most effective learning situ- 
ations, it is changed. 

Many researchers attest to this dynamic aspect of human learning 
For example, Piaget (1971) described two basic types of learning, one in 
which information is integrated into the learner's existing knowledge 
base, called assimilation, and another in which existingHhaowledge 
structures are changed, called accommodation. Other reparclVrs and 
theorists have made similar distinctions. For example, Rumelha^ and 
Norman 11981) described three basic types of learning. The first two, 
called accretion and tuningy deal with the gradual accumulation or 
addition of information over time and the expression of that information 
in more parsimonious ways. The third type of learning, called restmc- 
taring, involves reorganizing information so that it produces new in- 
sights and can be used in new situations. 
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It is the type of learning described by Piaget as accommodation and 
by Rumelhart and Norman as restructuring that interests us here. 
Dimensions, extending and refiningknowledge, is the aspect of learning 
that involves examining what is known at a deeper, more analytical 
level. Unfortunately, it is this aspect of learning that American students 
seem to neglect. The National Assessment of Educational Progress 
(NAEP), in a summary report of twenty years of findings from all the 
major content areas, notes that "on one hand, schools can be congi-atu- 
lated for increasing the percentages of students learning ba?ic facts and 
procedures. However, while we have raised performance h{ the lower 
levels of the distribution, we have lost ground at the higher levels" 
(Mullis, Owen, and Phillips 1990, p. 36). A strong theme in the NAEP 
report is the need for American students to engage in more analytic 
activities that require a depth of reasoning about content— activities 
that extend and refine knowledge. 

The number o\ activities that help extend and refine knowledge is 
probably infinite. But there is a finite set of activities that are particu- 
larly suited to content area instruction. These activities are comparison, 
classification, induction, deduction, error analysis, constructing sup- 
port, abstracting, and analyzing perspective. Each of these is briefly 
described in Figure 4.1. 

Each of the cognitive operations in Figure 4.1 is particularly suited 
to engaging learners in a way that allows learners to refashion their 
knowledge of content In a social studies class, for example, students 
might compare democracy and dictatorship to discover new distinctions 
betv^een them. In a science cl ass, students might make deductions about 
whales based on known characteristics ofmammals to refine and extend 
their knowledge about mammals and whales. 

I should point out that the cognitive operations in Figure 4.1 may 
also be used when initially acquiring knowledge. For example, when 
first learning about types of governments, students may compare, in- 
duce, deduce, and so on, but they will probably do so automatically, 
without conscious thought. To extend and refine knowledge, students 
need to use these operations consciously and rigorously and in more 
complex ways. For example, when students first learn about democra- 
cies and republics, they might think casually about similarities and 
differences between the two. lb extend and refine these concepts, how- 
ever, they would be asked to list these similarities and differences, 
perhaps using some type of graphic representation or matrix. The 
difference is a matter of degree, focus, and conscious use. 

The mental operations in Figure 4.1 can be used as activities for 
extending and refining knowledge in two basic ways, as illustrated by 
Mr. Walker's class and Ms. Hildebrandfs class. 
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FIGURE 4.1 

Activities for Extending and Refining Knowledge 

Comparing:: Identifying and articulating similarities and differencos 

between things. 

Ciassifying: Grouping things into definable categories on the 

basis of their attributes. 

Inducing: Inferring unknown generalizations or principles from 

observation or analysis. 

Deducing: Inferring unstated consequences and conditions 

from given principles and generalizations. 

Analyzing Errors: Identifying and articulating errors in your own or 
others' thinking. 

Constructing Constructing a systenn of support or proof for an 

Support: assertion. 

Abstracting: Identifying and articulating the underlying theme or 

general pattern of information. 

Analyzing Identifying and articulating personal perspectives 

Perspectives: about issues. 



Mr. Walker's Class 

Ml*. Walker is about to introduce the concept of individual retirement 
accounts (IRAsi in his business class. Although students have heard the 
term before and have some knowledge of IRAs, the section in the text they 
are about to read provides a detailed description of their characteristics. 
Mr. Walker starts the class by asking students what they already know 
about IRAs. He writes the term IRA on the blackboard and puts a circle 
around it. As students call out what they already know or think they know, 
Mr. Walker records the comments on the board as spokes emanating from 
a hub, the term IRA. The activity naturally leads to a discus-^ion of IRAs 
and the notion of saving for the future. When Mr. Walker feels that 
students have had adequate time to construct meaning for the new 
concept, he asks them to read pages 95-97 of the text and answer the 
following questions: 

O 
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• How is an IRA like a sav:ng<^ 

• Based on the information ir 
make about IRAs? 



id how is it different? 
generalizations can you 



At first students don't reac 
it's fairly simple. As they try to ans./er' 



' assignment. They think 
ms, though, they discover 



they have to go well beyond the info: . .ja presented in the text. For 
example, they realize they have to rethink what they know about savings 
accounts. But no matter where they look in their notes and the book, they 
cannot find a comparison of IRAs and saving accounts. Coming up with 
generalizations about IRAs is even more difficult. There is nothing in the 
text or in their notes that even hints at an answer. What looked like an 
easy assignment turns out to be challenging and time-consuming. 

Ms. Hildebrtindt's Class 

Ms. Hildebrandt is in the middle of a unit on modern American artists. 
She has presented the works of fifteen different artists in two weeks. 
Students seem to be doing well. They can describe the characteristic 
techniques of each artis.. They even remember something about the life 
of each artist. Ms. Hildebrandt decides to challenge students by giving 
them the following assignment: 

Classify the fifteen artists we have studir-d into at least three gi'oups. 
When you're done, describe the defining characteristics of each 
group and explain why your categories are useful. 

At first Ms, Hildebrandt gives her students two class periods to work on 
the assignment in groups of three. She soon finds that they need more 
time and more guidance. She has to take an entire class period just to 
teach students how to classify— how to develop rules to form categories 
and so on. She takes another full period to help .students sort through all 
the different characteristics that might be used to form categories. What 
she thought would take two periods ends up taking five. 

These classes illustrate two basic ways a teacher can use extending 
and refining activities in the classroom: (1) as a framework for question- 
ing and (2) as directed activities. Mr. Walker ui: id two of the eight 
extending and refining operations to construct questions. Although 
these questions were fairly easy to construct and were quickly presented 
to students, they still challenged students* understanding of the content. 
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In iMs. Hildebrandt's rlass, the extending and refining activity was much 
more structured and directed; the teacher presented criteria and di- 
rected classroom activity. In this chapter, we will consider both these 
methods of using extending and refining activities. 

A Framework for Questioning 

Tfeachers have long known and researchers have validated that 
questioning is an important way to cue students' use of specific thinking 
processes. As Cazden (1986) explains, the types of questions ask" " in 
the classroom develop the academic culture of the classroom. Agieat 
deal of evidence shows that open-ended essay questions require more 
analytic thinking than do closed ye.s/no questions or multiple-choice 
questions (Christenbury and Kelly 1983), but there has been consider- 
able debate over what constitutes higher-level questions (Fairbrother 
1975, Wood 1977). Whether the questions based on the eight extending 
and refining operations a e on a "higher level" is a matter of academic 
debate and not of much concern in the Dimensions model. What is 
important is that the questions cue specific types of analytic thinking 
that have the power to change students' existing knowledge. Below are 
some sample questions for each of the eight extending and refining areas 
that teachers might use to elicit analytic thinking. 

Comparison 

• How arr^ these things alike? What particular characterise s are 
similar? 

• How are they different? What particular characteristics are dif- 
ferent? 

Classification 

• Into what groups could you organize these things? 

• What are the rules for membership in each group? 

• What are the defining characteristics of each group? 

Induction 

• Based on the following facts (or observations), what can you 
conclude? 

• How likely is it that will occur? 

Deduction 

• Based on the following generalization (or rule or principle) what 
predictions can you make or what conclusions can you draw that must 
be true? 
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• If , then what can you conclude must happen? 

• What are the conditio*.s that make this conclusion inevitable? 

Error Analysis 

• What are the errors in reasoning in this information? 

• How is this information misleading? 

• How could it be corrected or improved? 

Constructing Support 

• What is an argument that would support the following claim? 

• What are some of the litations of or assumptions underlying 
this argument? 

Abstracting 

• What is the general pattern underlying this information? 

• To what other situations does the general pattern apply? 

Analyzing Perspectives 

• Why would someone consider this to be good (or bad or neutral)? 

• What is the reasoning behind their peri: oective? 

• What is an alternative perspective and what is the reasoning 
behind it? 

These questions and adaptations of them might be asked before, 
during, or after learning experiences. For example, before reading a 
chapter in a mathematics text, a teacher might ask students, 'What 
statements about trapezoids must be true, based on the rules described 
in the chapter?" This question would stimulate deductive thinking about 
trapezoids. While students in a literature class are watchinga film about 
Hemingway, a teacher might cue analysis through comparison by ask- 
ing, "How does the information in this film about Hemingway's life 
compare with the information in the chapter you read?" After students 
have gone on a field trip as part of a business class, a teacher might ask, 
"Into what groups would you classify the seven business people we met? 
What are the distinguishing characteristics for each of your categories?" 

An even more powerful use of extending and refining questions is 
to ask students to construct and answer their own. The teacher need 
only introduce students to the various types of questions and then invite 
them to devise their own questions. When I mention this alternative in 
workshops, teachers frequently respond that students would structure 
questions that are too easy. Although I have no research evidence to 
counter this assertion, I do have anecdotal evidence. A mathematics 
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teacher in Michigan told me of her experience in asking students to 
create their own extending and refining questions during a unit on 
fractions. In previous units, she had introduced the eight types of 
extending and refining operations, and on a wall chart were listed 
questions like those above that related to each of the extending and 
refining areas. She made sure that students had adequate preparation 
for the assignment, which was simply to "write at least two questions 
about the chapter that cover at least two of the eight areas illustrated 
on the wall chart. Answer your questions in writing and hand in both 
your questions and your answers." 

To the teacher's surprise, the questions students asked of them- 
selves far surpassed the level of difficulty she thought them capable of 
handling. One student, for example, asked a deductive question that 
required him to infer characteristics about fractions based on axioms 
implicit in the chapter. Another student asked a classification question 
that required her to organize all the sample problems in the chapter into 
groups and describe the defining characteristics of each group. In short, 
this mathematics teacher found that the kinds of thinking that extend 
and refine knowledge can be elicited through questions constructed by 
students. 

Directed Extending and Refining Activities 

A teacher can al^o engage students in more elaborate extending 
and refining activities. Such activities are more detailed and generally 
require more time and resources than the activities associated with the 
types of questions described in the previous section. Directed extending 
and refining activities might be likened to what Stauffer (1970) calls 
directed reading/thinking activities: well-structured activities that elicit 
specific types of analytic thinkingfrom students and guide them through 
the execution of that thinking Let's look at the directed extending and 
refining activities that are included in Dimensions of Learning. 

Comparison 

Comparison is one of the most basic of all the extending and 
refining operations. In fact, it is so basic that some teachers believe it is 
not a high enough level of thinking to extend and refine students' 
knowledge. The> reason that "all students can compare things without 
much troubio. How could it push their thinking in any way?" Of course, 
it is true that we quite naturally compare information, but recall that 
when we use comparison as an extending and refining activity, we use 
it consciously and rigorously. Unfortunately, American students, once 
again, do not perform well on this more rigorous type of comparison task. 
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In a summary report of twenty years of testing, NAEP commented on 
American students' ability to perform analytic comparison tasks: 

On an analytic task that asked students to compare food on the 
frontier (based on information presented) and today's food (based on 
their own knowledge), just 16 percent of the students at grade 8 and 
27 percent at grade 12 provided an adequate or better response 
(Mullisetal. 1990, p. 16). 

Stahl (1985) and Beyer (1988) have each developed comparison 
strategies that foster a high degree of analytic th inking. These strategies 
include the following basic steps: 

• Specifying the items to be compared. 

• Specifying the attributes or characteristics on which they are to 
be compared. 

• Determining how they are alike and different. 

• Stating similarities and differences as precisely as possible. 

Creating directed comparison activities generally involves specify- 
ing certain aspects of the comparison process and asking students to 
generate the rest. For example, in a science class, a teacher might 
identify the processes of meiosis and mitosis. Students would then be 
asked to compare them using two or more important characteristics of 
their choice. It is identifying characteristics that are truly important 
that seems to be the critical feature of analytic comparison and the most 
difficult aspect of the task. For example, according to NAEP, when 
students were asked to provide a written response contrasting the key 
powers of the president of the United States today with those of George 
Washington, only 40 percent of the 12th graders could muster at least 
two important characteristics (Mullis et al. 1990, p. 24). 

To be an effective analytic tool, then, comparison should focus 
students' attention on characteristics considered important to the items 
being compared. Tfeachers can foster students' ability to select important 
characteristics by initially using teacher-structured comparison tasks: 
tasks in which the teacher specifies both the elements to be compared 
and the characteristics on which they will be compared. Here is an 
example of a teacher-structured task: 

How do diamond and zirconium compare in terms of their scarcity? 
What would happen in the marketplace if one or the other should 
become more scarce? For the two characteristics identified above 
(their scarcity and the effects of their scarcity on the marketplace) 
describe how diamond and zirconium are similar and different. 
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After assigning this task, the teacher and students would discuss 
why "scarcity" and the "effects of scarcity on the marketplace'' are 
important characteristics in relation to diamond and zirconium. Once 
students were acquainted with the characteristics considered important 
to this topic, they would then be asked to engage in student-structured 
tasks. Here neither the elements to be compared nor the characteristics 
on which they are to be compared are specified: 

Select one naturally occurring and one man-made substance that 
might be usefully compared. Then select two or more characteristics 
on which to compare the two substances, such as problems that arise 
in production, differences in marketing and distribution, causes and 
effects of scarcity, and so on. Finally, describe how the substances 
are alike or different in terms of the characteristics you have 
selected. 

Comparison, then, can be a powerful analytic tool when used 
rigorously to extend and refine knowledge. 

Classification 

Like comparison, classification is a type of thinking we engage in 
daily without much conscious thought. Mervis (1980) explains that we 
naturally categorize the world around us so we don't have to experience 
everything as new. Nickerson, Perkins, and Smith (1985) say that the 
ability to form conceptual categories is so basic to human cognition that 
it can be considered a necessary condition of thinking. 

Although we use the process of classification quite naturally, when 
we use it to extend and refine our knowledge it can be very challenging. 
Beyer (1988) and ethers (Jones, Amiran, and Katims 1985; Taba 1967) 
have identified specific steps in the process of classification: 

• Identifying the itemb to be classified. 

• Initially sorting information into groups. 

• Forming rules for categories and then reclassifying items based 
on these rules. 

Constructing classification tasks to help students extend and re- 
fine their knowledge involves specifying certain aspects of the process 
and asking students to complete the others. For example, in a literature 
class a teacher might ask students to classify thirty characters from 
novels they have read. Students would initially sort the characters into 
rough groups. After this "first cut," there would invariably be some 
outliers or characters that do not fit into the initial categories. It is the 
existence of these outliers that makes the learner become more rigorous 
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in defining categories, lb place these outliers, students would have to 
redefine the categories and the rules for establishing the categories. 

Classification as an analytic tool is powerful because it forces the 
learner to analyze semantic features to identify the salient features that 
determine membership in a group (Smith and Medin 1981). Making 
semantic feature analysis explicit in classification tasks is becoming 
increasingly popular, and a growing body of research indicates that 
classification emphasizing semantic feature analysis is a powerful topi 
for learning vocabulary (Pittleman, Heimlich, Berglund, and French 
1991). Figure 4.2 shows the results of a semantic feature analysis task 
involving vocabulary words from a primary classroom. 

Like comparison tasks, classification tasks might initially be struc- 
tured by the teacher. Below is an example of a teacher-structured 
classification task that might be used in a geography class. 

There are many different regionsin our state: neighborhoods, moun^ 
tains, counties, cities, and so on. These regions can beorganizeH into 
categories by considering how people use them. For example, people 
can use an area for dwellings, for recreation, or for natural resources; 
that is, we could classify the regions into three categories, based on 
their use: (1) those used for dwellings, (2) those used for recreation, 
and (3) those used for natural resources. In our state, examples of 
each of these categories of use exist. Provide at least three examples 
in our state for each of the three categories. Make sure you describe 
the defining characteristics of each category; for example, describe 
the characteristics of regions that are used for dwellings. 



After discussing the features important to categories in a given 
content area, the teacher can assign other classification taskc that 
require students to create their own categories and identify the elements 
to be sorted into those categories: 

Regional categories can be made up of almost anything, depending 
on the elements you use to create them— people, land, automotive 
supply stores. Your task is to create categories by selecting a variety 
of elements that will allow you to distinguish one category from 
another. For example, you could decide that the presence of one 
school, one church, a gas station, and a convenience store signifies 
"a loose social neighborhood.** Likewise, you could decide that an 
area with a ratio of three gas stations to one school may qualify as 
a business neighborhood, and a region of inverse ratio (three schools 
to one gas station) could be described as a "residential neighbor- 
hood." Make sure you have enough combinations to form at least five 
categories. Finally, select an area within the greater metropolitan 
area and identify at least one example of each category you have 
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established. Also explain why your categories are useful ways of 
thinking about regions. 

Induction 

Induction is probably the most basic of all higher-order cognitive 
operations. We make inductions anytime we draw conclusions based on 
evidence. For example, a student makes an induction when he concludes 
that the teacher is in a bad mood because she slammed her books down 
on the desk after she briskly walked into the room. Although induction 
is not treated overtly in all thinking skills programs, it is implicit in all. 

Tfeachers can easily help students practice induction in the class- 
room, for the core of induction as an extending and refining activity is 
generating and verifying hypotheses. One teacher described to me how 
at the start of the Persian Gulf War, she asked students to generate 
hypotheses about Saddam Hussein's reasons for invading Kuwait. The 
students listed their hypotheses and the information supporting their 
hypotheses. As the war progressed, students gathered information that 
confirmed or disconfirmed their hypotheses. Over time, students 
changed and adapted their hypotheses. Although the students as a group 
did not reach a consensus, all the students experienced the inexact cycle 
of genera ting hypotheses, gathering data, reformatting hypotheses, and 
so on. 

A powerful tool for fostering induction in the classroom is the 
"induction matrix" developed by Beau Fly Jones and her colleagues 
(personal communication 1987). Figure 4.3 shows an example of an 
induction matrix. Content area concepts (e.g., "democracy") head each 
row of the matrix, and questions to be answered about each concept(e.g., 
'*Who governs?'') head each column. Students first fill in the cells 
corresponding to each concept and each question, which in Figure 4.3 
would be information about "who governs*' in democracies, in republics, 
in monarchies, and so oa After they have filicu in each of the basic cells, 
students make row and column inductions. Row inductions would be 
about democracies, republics, and so on. Column inductions would be 
about various types of governance, decision making, and so on. Finally, 
students make a "grand induction" and record it in the bottom right cell. 

At a more sophisticated level of analysis, students might be asked 
to make inductions about the intentions behind materials they are 
reading. Cooper (1984) has identified four basic categories of intentions 
behind the use of language in oral or written form: 

• Constatives: expressions of beliefs along with expressions of an 
intention that the audience form like beliefs. 
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FIGUPE 4.3 
Induction Matrix 
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• Directives: expressions of an attitude toward some prospective 
action by the audience along with an intention that the attitude be taken 
as a reason to act. 

• Commissives: expressions of intentions to act along with expres- 
sions of belief that such expressions of intentions obligate one to act. 

• Acknowledgements: expressions of feelings toward the audience 

Each of these categories of intenJons has subcategories of inten- 
tions. These are listed in Figure 4.4 on page 80. 

Once students are aware of the various types of intentions, they 
can induce these intentions from information they read or hear. As 
students soon discover, inducing authors' intentions is an inexact process 
of identifying the driving force behind the form and content of a text. It 
involves analyzing why specific words were selected, why certain rhe- 
torical devices were used, and so on. Tb illustrate, as a result of analyzing 
the Declaration of Independence, one group of 12th graders induced that 
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Categories and Subcategories of Intentions 



Constatives: 

You assen li you express a proposition. 

You predict if you express a proposition about the future. 

You recount W you express a proposition about the past 

You describe \i you express that someone or something consists of certain features. 
You ascribe if you express that a feature applies to someone or something. 
You inform if you express a proposition that your audience does not yet believe. 
You confirm if you express a proposition along with support for it. 
You concede if you express a proposition contrary to what you would like to or 
previously did believe. 

You retract W you express that you no longer believe a proposition. 

Yo'j assent li you express belief in a proposition already under discussion. 

You dissent if you express disbelief in a proposition already under discussion. 

You dispute if you express reason(s) not \o believe a proposition already under 

discussion. 

You respond \i you express a proposition that has been inquired about. 
You suggest \i you express some, but insufficient, reason(s) to believe a 
proposition. 

You suppose li you express that it is worth considenng the consequences of a 
proposition. 

Directives: 

You request if you express that you desire your audience to act. 
You ask if you express that you desire to Know whether or not a proposition is true. 
You command tf ^ ju express that your authority is reason for your audience to act. 
You forbid \i you express thai your authority is reason for your audience to refrain 
from acting. 

You permit li you express that your audiences action is possible by virtue of your 
authority 

You recommend <f you express the belief that there is good reason lor your 
audience to act 

Commissives: 

You promise if you express that you tend to act 

You offer \i you express that you intend to act if and wheh yOur audience desires tt 
Acknowledgments: 

Apologies 

Condolences 

Congratulations 

Greetings 

Thanks 



Source: Cooper 1984. Copyright^ 1884 by the 
Guilford Press. Reprinted by permission. 
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one major intention of its authors was to ascribe specific highly negative 
characteristics to the reigning monarch of England. They cited as 
evidence for their induction the repeated use of a syntactic pattern 
beginning in the third paragraph of the Declaration: 

He has refused his Assent to Laws. . , . 

He has forbidden his Governors to pass Laws. . . . 

He has refused to pass other Laws. . . . 

He has. . . . 

He has. . . . 

This "he has" pattern comprises thirteen consecutive one-sentence 
paragraphs and five additional paragraphs that together give the reader 
a strong impression of an unfair and uncompromising leader. 

Students also found evidence that the authors of the Declaration 
were trying to permit their readers to act in ways counter to their natural 
inclination to submit to rule from England. According to Cooper (1984), 
the intention of permitting is a form of directive. Students believed the 
first paragraph of the Declaration was intended to establish a tone of 
pennission by suggesting that the forthcoming Declaration was a nec- 
essary occurrence in the events of human history: 

When in the course of human events, it becomes necessary for one 
people to dissolve the political bands which have connected them 
with one another, and to assume among the powers of the earth, the 
separate and equal station to which the Laws of Nature and of 
Nature*s God entitle them, a decent respect to the opinions of 
mankind requires that they should declare the causes which impel 
them to the separation. 

Finally, some students found evidence for the commissive intention 
of a promise. They perceived the last paragraph of the Declaration to be 
a promise to do whatever was necessary to effect the establishment of a 
free and independent United States of America. This promise was 
particularly evident in the closing line: "... we mutually pledge to each 
other our Lives, our Fortunes, and our Sacred Honor.** 

Deduction 

ITiere is a fair amount of confusion about the distinction between 
induction and deduction. Anderson (1990) clarifies the distinction with 
the following illustration. 

The Abkhasian Republic of the USSR (in Georgial has 10 men over 
160. No other place in the world has a man over 160. 
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1. The oldest man in the world today is in the USSR. 

2. The oldest man in the world tomorrow will be in the USSR. 

He explains: 

Conclusion / is deductively valid. If the premises are true, . . . then 
the conclusion must be trut. However, conclusion 2 is only induc- 
tively valid, that is, it is a highly likely conclusion if the premises 
are true, but it is conceivable that all 10 men could die before 
tomorrov^ (Anderson 1990, p. 303). 

As Anderson*s example illustrates, deductive conclusions, given the 
validity of their premises, are absolute. Inductive conclusions, on the 
other hand, may be highly probable but they are never absolute. A 
common misconception is that deductive conclusions are used in mathe* 
matics but not in the humanitier social sciences. At a formal level, 
there is some truth to this, for mathematics is based on the use of axioms 
and theorems to generate deductive conclusions. In fact, or? of the 
purest deductive activities is a mathematical proof (e.g., proving the 
validity of the Pythagorean theorem). Deductive reasoning is indigenous 
to mathematics, but why would anyone want to reinforce its use in other 
disciplines? First and foremost, much of our thinking, academic or 
otherwise, is deductive, though not consciously so. For instance, if 
someone says President Bush is going to veto the environmental bill 
because he*s following standard Republican lines, that person would be 
reasoning deductively. His thought process breaks down to: 

• All Republican presidents vote against environmental bills. 

• George Bush is a Republican president. 

• Therefore he will vote against the environmental bill. 

As we shall see, reorganizing the implicit deductive conclusions in a 
content area can be a very powerful tool in extending and refining 
content knowledge. 

Anc Lher, albeit less important, reason for fostering deductive rea- 
soning in the classroom is that many ofthe tests we call "reasoning tests** 
are highly deductive in nature. Take, for example, the New Jersey Tfest 
of Reasoning Skills (Shipman 1983), which is administered across the 
Unit -^d States as a measure of general reasoning ability. The three items 
beljw are patterned after the items in that test. Take a moment to 
answer them. 



Item 1 

Martha said, "Rectangles always have four corners. Joe said, 
**That's no different from saying that all rectangles are four-cornered 
things. 
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a. Joe is wrong. Martha is saying that all four-cornered things are 
rectangles. 

b. Joe is right. 

c. Joe is wrong. Martha is saying that some four-cornered things are 
rectangles. 

Item 2 

The City Water Department says, "If the water has been treated, 
it is safe to drink." Since the water in our town has been found to be 
unsafe to drink, it follows that: 

a. The water was treated. 

b. The water was not treated. 

c. The treatment made the water unsafe. 

Item 3 

Jack is older than Bill. Herb is also older than Bill. Therefore, it 
follows that: 

a. You can't tell who is oldest. 

b. Jack and Herb are both the same age. 

c. You can t tell who is the youngest. 

Would you expect to find these questions on a junior high f^hool 
test? If not, you're in good company. I recently administered the New 
Jersey Ifest of Reasoning Skills to thirty adults, all of whom had 
advanced degrees in education. Although they did not do poorly on the 
test, more than 80 percent felt "unsure" of their answers because they 
weren't "used to the type of thinking involved." After administering the 
test, I analyzed the fifty items on the test and found that 84 percent were 
deductive in nature. The unease these educated people felt probably 
stemmed from their unfamiliarity with the rather formal type of deduc- 
tive arguments used in the test. It has become my strong bias that if we, 
as educators, are going to ase highly deductive tests to measure general 
reasoning ability, then we are duty bound to provide students with some 
practice in the types of reasoning they includ^^. 

Most textbooks on deductive reasoning (e.g., Klenk 1983) identify 
three basic types of deductive arguments: categorical, conditional, and 
linear. Items 1, 2, and 3 above represent respectively these three types. 
Categorical arguments are by far the arguments most commonly found 
in tests of reasoning that include deductive reasoning. Of the fifty items 
on the New Jersey Tfesi of Reasoning that I administered, for instance, 
twenty-four (or 48 percent) involved categorical arguments. 

Althougii there are many formal rules for properly using categori- 
cal arguments, the basic steps for using them as activities to extend and 
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i*efine knowledge are quite simple. Categorical ai^^ '^nts are composed 
of two premises and a conclusion that stems from tne premises. The 
syllogism is the typical fc^m of a categorical argument: 

• All A are B. 

• All B are C. 

• Therefore all A are C. 

The appearance of B in both premises enables a deductive conclu- 
sion to be drawn because B relates the information in the two pi-emises. 
One of the first steps in using categorical arguments to extend and refine 
knowledge is to recognize what I call "hidden syllogisms" and state them 
in formal syllogistic form. This process is called standardization in the 
Philosophy for Children program (Lipman, Sharp, and Oscanyan 1980). 
Let's take the statement about George Bush and reword it into a more 
clearly syllogistic form: 

Premise #1: All Republican presidents (A) are people who vote 
against environmental issues (B). 



against enuironnieniai issues kd}. 
Premise #2: George Bush (C) is a Republican president 

Conclusion* Thnrnfnrp. npnrxrp R/yjc/i (C) is n nprfint) i 



(A). 



Therefore, George Bush (C) is a person who votes 
against environmental issues (B). 

It is the middle term, A, that appears in both premises and allows for a 
deduction to be made linking the term B with C. 

Once students are aware of the form of cat( gorical syllogisms and 
can standardize, or reword, statements so they reflect this syllogistic 
form, they can be asked to find syllogistic arguments in academic 
content. Ajunior high history teacher who had taught syllogisms to her 
students described to me \vhat happened when she asked her students 
to analyze the Eeclaration of Independence for hidden syllogistic argu- 
ments. One group of students asserted that the logic underlying the 
Declaration could be stated in the following way: 



Premise #1. Governments that should be supported and, conse- 
quently, not overthrown (A), protect the God-given 
rights of their people to life, liberty, and the pursuit 
of happiness. (B) 

Premise #2: The Government of the present king of England (C) 
does not protect the God-given rights of the people 
to life, liberty, and the pursuit of happiness (B). 
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Conclusion: Therefore, the Government of the present king of 
England (C) is not one that should be supported and, 
consequently, not overthrown (A). 

Stated in more abstract form, this syllogism might be written as 
follows: 

• AllAareB. 

• C is not B. 

• Therefore C is not A. 

All conclusions in syllogistic arguments are not valid. Once an 
argument has been stated in syllogistic form, its validity can be ana- 
lyzed, though. A useful tool in helping students determine the validity 
of a syllogistic argument is the Euler diagram, named after Leonhard 
Euler, the 18th century mathematician who used this kind of diagram 
to teach logic to a German princess. The technique was, in fact, invented 
by Leibniz and is often confused with the quice different method of Venn 
diagrams (Johnson-Laird 1983). Euler diagrams use circles to represent 
set membership. We might use the following Euler diagram to represent 
the syllogism students found in the Declaration of Independence: 



Looking at this diagram, we can clearly see that set C (the present 
government ofEnglandy is not related to set A (governments that should 
be supported and, consequently, not overthrown). After using the Euler 
diagram, the junior high students concluded that the logic of the forgers 
of the Declaration was sound. But more important, they applied critical 
analysis to the reasoning behind a living document— a task that rela- 
tively few people have the tools to accomplish. 

Recognizing and standardizing categorical syllogisms typically 
uncovers errors in logic. For example, I recently heard a television 
newscaster interview an individual who said, "Saddam Hussein is a 
dictator because he tortures people, and we know that all dictators are 
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torturers." Standardized, the logic behind this statement might be 
written like this: 

• Premise #1: All dictators (A) are people who torture (B). 

• Premise #2: Saddam Hussein (C) is a person who tortures (B), 

• Conclusion: Therefore, Saddam Hussein (C) is a dictator (A), 

Although there is certainly a great deal of evidence that Saddam 
Hussein is a dictator, this deductive argument does not prove it, as we 
can see by constructing Euler diagrams. We can represent the first 
premise with this diagram: 



When you add the second premise, you can conclude only that C is 
a subset of B. C might not be related to A at all. 



In fact, from the two premises given, we can draw no valid conclu- 
sion about the relationship between A and C. 
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The types of valid conclusions that can be drawn from syllogistic 
arguments are listed in Figure 4.5. Wliat is perhaps most interesting 
about Figure 4.5 is that it reveals that only twenty-seven of the sixty- 
four possible forms of syllogistic arguments have valid conclusions. 

Another way students can use syllogisms to extend and refine their 
knowledge is to analyze their truth. Copi (1972) explains that the 
validity of a syllogism depends on whether the conclusion follows from 
the premises. As Figure 4.5 illustrates, 42 percent of all the possible 
forms of syllogistic arguments have valid conclusions. A syllogism that 
has a valid conclusion still may not be true, though, because truth 
depends on the accuracy of the premises. Take, for example, the earlier 
syllogism involving President Bush. The conclusion (President Bush is 
a person who votes against environmental issues) is logically valid, but 
the entire syllogism is not true because of the inaccuracy of the first 
premise (All Republican presidents are people v^ho vote against envi- 
ronmental issues). Analyzing the truth of syllogisms represents an 
entirely different type of analytic thinking that in the Dimensions of 
Learning model is called error analysis. 

Error Analysis 

No matter how intelligent or educated we are, we make errors. 
Thomas Gilovich (1991) identifies numerous examples of erroneous 
conclusions in everyday reasoning, some of them drawn by otherwise 
academically rigorous thinkers. Francis Bacon, for example, believed 
that v^arts could be cured by rubbing them v^ith pork. Aristotle thought 
that male babies were conceived in a strong north wind. Other reports 
of the types of errors reasonable people make in everyday situations 
have been compiled by Johnson-Lair d (1 985) and by Perkins, Allen, and 
Hafner (1983). As Gilovich notes, studying the types of errors v^e make 
enlightens us not only about our thinking, but also about the subject in 
v^hich v^e make the errors. In keeping with this premise, the California 
State Department of Education uses error analysis as a testing and 
teaching tool. Figure 4.6 on page 90 is an example of one of the 
open-ended questions it administers to students as a strategy for en- 
hancing mathematical competence. 

One of the most common ty pes of errors made evmry day falls under 
the category of confirmatory bias, which is the t^^ency to seek out 
information that confirms our hypotheses. As Gilovich (1991) p its it: 

When trying to assess whether a belief is valid, people tend to seek 
out information that would confirm the belief over information that 
might disconfirm it. In other words, people ask questions or seek 
information for which the equivalent a "yes** response would lend 
credence to their hypothesis (p. 33). 
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Valid Conclusions from Syllogistic Arguments 
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FIGURE 4.5 (continued) 
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OPEN-ENDED MATHEMATICS QUEST10NIS) 



B 



msiruciions. uso thjs sheeJ to answer the questions. Show as rnucii ct your worK as possible, (tn 
some cises. there may be more than one solution.) Use the rev^'rse sicJe ot this sheet if needed. 



Look at these plane figures, some of whicli are not drawn to scale, investigate what might 
t)« wrong (If anything) with th9 given Information. Briefly write your findings and lustity 
your idMs on the basis of geometric principles. 



» he surn o-^ 4 he 

^hKCC OS\C\iCS ShCUlc' 

Odd up ^80'' 





Source: California State Department of Education 
1989. Copynght 1989 by the California State 
Department of Education. Ueprinted by permission. 
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Wason and Johnson-Laird (1972) conducted a study in which 
subjects were given the following rule: "If a cai'd has a vowel, then it has 
an even number on the other side." The subjects were then given cards 
like these: 



E 




K 




4 




7 



The subjects were asked to turn over only those cards that had to be 
turned over to see if the rule was correct. Forty-six percent elected to 
turn over both the E and the 4. The E had to be turned over but the 4 
did no Only 4 percent elected to turn over the E and the 7, which is the 
correct choice of cards, since an odd number behind the E or a vowel 
behind the 7 would have broken the rule. Gilovich (1991) explains that 
tl^ tendency for the subject not to turn over the 7 exemplifies the 
confirmative bias; we shy away from information that would prove a 
hypothesis false. 

One of the most powerful ways I have seen this demonstrated in a 
classroom setting involved a teacher asking students to develop an 
argument against some strongly held belief The teacher told me that 
she asked students to identify their position on the ban of fur sales and 
then work in cooperative groups to develop a strong argument support- 
ing the position opposing their own. When the task was completed, few 
students had changed their opinion, but \artually all had identified the 
erroneous assumptions from which they had been operating. In fact, the 
culminating activity requested by students was to list all the incorrect 
assumptions and beliefs they discovered about their own thinking on 
the topic. 

Informal fallacies are another type of error common in everyday 
reasoning, particularly when that reasoning is intended to "persuade." 
Lockwood and Harris (1985) assert that it is especially impoilant to 
study these types of errors in a free society such as ours because much 
of the information we must process is persuasive in nature: someone is 
continually trying to get our vote, our money, or our agreement. 

There are many descriptions of the kinds uf informal fallacies that 
can be made in persuasive discourse, including those by Perkins, Allen, 
and Hafner (1983) and Tbulmin CToulmin 1958; Toulmin, Rieke, and 
Janik 1981). In the Dimensions of Learning model, informal fallacies 
are organized in three basic categories that are briefly described in 
Figure 4.7* 
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FIGURE 4.7 
Informal Fallacies 



Category I: Errors based on faulty logic 

Errors that fall into this category use a type ol reascning that is llawe^ in 
some way or is simply not rigorous. Such errors include: 

a. Contradiction. Someone presents information that is in direct opposilion to 
other information within the same argument. 

b. Accident: Someone fails to recognize that an argument is base " an 
exception to a rule. 

c. False cause: Someone contuses a temporal order of events with causality, 
or someone oversimplifies a complex causal network. 

d. Begging the question (circularity): Someone makes a claim and then 
argues for it by advancing grounds whose meaning is simply equivalent to 
that of the original claim. 

e. Evading the issue: Someone sidesteps an issue by changing the topic. 

f. Arguing from ignorance: Someone argues that a claim is justified simply 
because its opposite cannot be proved. 

g. Composition and division. Composition involves someone asserting about 
a v;hole something that i^ true of its parts. Division involves someone 
asserting about all of the parts something that is true about tlie whole. 

Category II: Errors based on attack 

Informal fallacies in this category all use the strategy o^ attacking a person 
or position. 

h. Poisoning the well. Someone is committed to his position to such a degree 
that he explains away absolutely everything others offer in opposition to his 
position. 

1. Arguing against the person: Someone rejects a claim on the basis of 
derogatory facts (real or alleged) about the person making the claim. 

j. Appealing to force: Someone uses threats to establish the validity of a 
claim. 

Category ill: Errors based on weak references 

Informal fallacies that fall into this category appeal to something other than 

reason to make their point; however, they are not based on attack. 

k. Appealing to authority. Someone evokes authority as the last word on an 
issue. 

I. Appealing to the people. Someone attempts to justify a claim on the basis 
of popularity. 

m. Appealing to emotion. Someone uses an emotion-laden or "sob" story as 
proof for a claim. 
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After introducing students to a small subset of these fallacies, a 
teacher might ask students to look for them in persuasive information 
they encounter. One of my favorite examples of the use of informal 
fallacies in the classroom comes from a literature teach^. After present- 
ing these fallacies to students before the presidential election in 1988, 
the teacher asked students to observe the debate between candidates 
Georg'* Bush and Michael Dukakis. Their task was to identify the 
informtl fallacies used by each candidate, lb their chagrin, many 
students found their favorite candidate frequently made recognizable 
errors. Their knowledge of informal fallacies affected the way students 
procesyed information as the campaign progressed. They were less likely 
to accept the opinion of their favorite candidate withcut question and 
delved more deeply into issues. 

Constructing Support 

The other side of analyzing a persuasive argument for errors is 
constructing a sound argument. Of course, one aspect of creating a sound 
persuasive argument is avoiding the errors described above, but persua- 
sion also involves using certain conventions. The art of persuasion has 
its roots in classical rhetoric, which is built on four basic devices, 
commonly called the "four appeals" (Kinneavy 1991): 

1. Appealing to an audience through personality. 

2. Appealing through accepted beliefs and traditions. 

3. Appealing through rhetorical style. 

4. Appealing through the logic of one's argument. 

When the appeal is through personality, the speaker or writer tries 
to get the audience to like him. The information presented is usually 
about the speaker or writer— anecdotes about his life intended to make 
you, the audience, identify with him. The speaker or writer also fre- 
quently compliments the audience in an attempt to be perceived as a 
friend or an ally. 

When the appeal is through beliefs and tradition, the writer or 
speaker often refers to allegedly accepted principles based on tradition. 
For example, the writer or speaker may assert thai the principles 
underlying his argument "have alwfiys bt. n held as true.** He is using 
beliefs and tradition to evoke the power of culture, the power of "the way 
things are done around here." 

Appeal through rhetorical style aims to persuade through the 
beauty of language, including how ideas are phrased, the intonation 
used in their presentation, and the physical gestures that accompany 
them. Goldman, Beriuist, and Coleman (1989) describe in detail the 



ADIFFF.RKNT KIND OFCI-ASSROOM: TEACHING \>ITH im!KNSI(»SOKI.FURNIN(; 



elaborate systems that have been created throughout the centuries to 
improve the persuasive power of appeal through rhetorical style. 

The last of the four appeals is logic. Students of rhetoric used to be 
taught the formal rules of syllogistic reasoning to improve their ability 
to appeal through logic. In recent years, less formal and more flexible 
systems have been developed. The most common is that developed by 
Tbulmin (Tbulmin, Rieke, and Janik 1981). Although T^ulmin's system 
has multiple aspects, his basic structure of an argument based on reason 
has four simple components: 

• Evidence. Information that leads to a claim. For example: Last 
night five crimes were committed within two blocks of one another. 

• Claim. The assertion that sometning is true: The crime rate in 
our city is escalating dramatically. 

• Elaboration. Examples of or explanations for the claim: The 
dramatic increase can be seen by examining the crime rates in the 
downtown area over the last twenty years. 

• Qualifier. A restriction on the claim or evidence counter to the 
claim: The crime rate has stabilized in some areas, however. 

Once students understand the four types of appeals, they can 
analyze persuasive arguments. For example, a social studies teacher 
told me that he regularly asks students to analyze information from 
television, textbooks, and newspapers to determine which of the four 
types of appeals is being used. He attested to students ability to perform 
such analyses with accuracy and enthusiasm. 

Abstracting 

The term abstracting is used frequently in conversations about 
learning and thinking. Webster*s New Collegiate Dictionary says that 
to "abstract" is to remove, to separate, '^to consider apart from applica- 
tion to or association with a particular instance.'* You would be abstract- 
ing if you looked at one situation and identified basic elements of the 
situation that occur in another situation. For instance, let's look at the 
situation below: 

^Mien C. L. Holes was inventing a typewriting machine in the early 
1870s, he found that the machine jammed if he typed too fast. So he 
deliberately aiTanged the positions of the letters in a way that forced 
typists to work slowly. Nevertheless, Sholes' typewriter design was 
still a great improvement over earlier models, and it was soon in use 
all over the world. 

Ibday, even though typewriters have been improved in many 
ways, nearly all of them have keyboards like the one Sholes devised 




ERIC 



94 



DIMKNSION ^: EXTKVDINC; AM) REn.MSG KN()\VI.F.I)GF. 



in 1872. The letter arrangement is called QWERT, after the Hve 
left-hand keys in the top letter row. You can see QWERT keyboards 
on computer consoles as well as on typewriters. Unfortunately, the 
QWERT arrangement slows typing, encourages errors, and causes 
greater fatigue than another arrangement devised by August 
Dvorak in 1930, which has proved in several tests to be much faster 
and more accurate than QWERT. 

Millions of people have learned the QWERT keyboard, however, 
and it is being taught to students in schools right now. So it seems 
that we will continue to live with this 19th century mistake. 

Now think about how you might abstract this situation. You might 
first liken the history of the QWERT keyboard to that of the measuring 
system used in the United States. When asked to describe how they are 
alike, you would probably explain the connection in the following way: 
"In both situations, something was created that was initially very useful 
(QWERT and the British system of measurement). Then something 
better came along (the Dvorak system and the metric system), but the 
new invention was not used because everyone was so familiar with the 
old invention." 

The psychological phenomenon that allows you to make the con- 
nection between the two seemingly unrelated events is the identification 
of a "general" or "abstract" patterii of information that applies to both 
situations. Here is the general pattern for the above example: 

• Something useful is created. 

• Something better comes along. 

• It is rejected because people resist change. 

It is the identification of a general pattern that is central to the 
abstracting process. From this perspective, we might say that the process 
of abstracting is at the heart of metaphor. Ortony (1989) explains that a 
metaphor contains two basic components, a topic and a vehicle. The topic 
is the principal subject to which the vehicle (the metaphoric term) is 
applied. If we say that Ais a B when A is not actually a B, then A would 
be the topic and B would be the vehicle. Consider the metaphor "Love is 
a rose." Here, love is the topic and rose is the vehicle. Love is not related 
to rose at a literal level but it is related at an abstract level, as shown in 
Figure 4.8. Speaking of the importance of metaphor, Ortony notes: 

It is morj than a linguistic or psychological curiosity It is more than 
rhetorical flourish. It is also a means of conveying and acquiringnew 
knowledge and of seeing things in new ways. It may well be that 
metaphors are closely related to insight (Ortony 1980, p. 361). 
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FIGURE 4.8 
Abstractions in a Metaphor 



Literal Attributes Shared Abstract Literal Attributes 
of Love Attributes of Rose 



an emotion a flower 

sometimes desirable beautiful 

pleasant 

can be associated double-edged has thorns 

with unpleasant 

experiences 

often occurs comes in different 

in adolescence colors 



Tbachers can use abstracting in the classroom in several ways. 
Comparing literary works is particularly suited to analysis by abstrac- 
tion. After students have read a selection, they can be asked to identify 
the underlying abstract pattern of the content. For example, after 
reading The Old Man and the Sea students might first identify the key 
points of the novel: 

• The old man and boy had a close relationship. 

• The old man had a spell of bad luck in his fishing. 

• The boy had faith in the old man. 

• The old man hooked a large fish, and so on. 

Once the key points or literal pattern of the novel are established, 
students then transform the ideas into a more abstract or general 
pattern: ^ ^ 

1 / 2 
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Key Points 
Old man and boy 
had a close 
relationship. 

Old man had a 
spell of bad 
luck« 

The young boy had 
faith in the old man. 

The old man hooked 
a large fish. 



The old man did not 
land the fish intact, 
but still resolved a 
basic conflict in his 
life. 



Abstract Pattern 
Two people have a 
close relationship. 

One of the partners 

experiences 

difficulties. 

The other partner 
is highly supportive. 

The partner 
experiencing 
difficulty is 
faced with a 
difficult challenge 
that can bring him 
success. 

The partner does not 
directly meet the 
challenge but still 
works out some basic 
issues in his life. 



The abstract form identified, students then look for another piece 
of literature or another situation to which the abstract form applies. For 
example, using the abstracting process with The Lord of the Flies ^ one 
student described how the same abstract pattern in Gelding's work also 
applied to a story she had seen on television about the birth of a street 
gang in east Los Angeles. Another student saw the abstract pattern in 
The Lord of the Flies applying to Mussolini's rise to power in pre-World 
War il Italy, 

The abstracting process is well suited to many content areas. Here 
is an abstracting task that teachers might present to students in a 
history class: 

Identify the generic elements or basic elements of the war in Viet- 
nam, Then identify another situation that has nothing to do with 
wars between nations and describe how that situation fits the basic 
elements you have identified. 

I have seen abstraction used by a science teacher who asked 
students to relate the functioning of a cell to the workings of a city and 

o . m 

ERIC gj 



A DIKKKREN7 KIND OF CLASSROOM: TEACHING WITH DIMENSIONSOF LKARNING 



by a mathematics teacher who asked students to relate basic mathe- 
matical operations to relationships in nature. 

Analyzing Perspectives 

The final type of extending and refining activity in the Dimensions 
of Learning model is analyzing perspectives. Analyzing perspectives 
involves identifying your position or stance on an issue and the reason- 
ing behind that stance. It also involves considering a perspective differ- 
ent from your ov^n. Your perspective on an issue is usually related to 
some underlying value you hold. Value and affect are functionally 
related: you have a certain emotional response to a situation because 
you interpret your experiences partly through your values. For example, 
if you respond with anger to the treatment of Boo in To Kill A Mocking- 
bird, it is because one of your underlying values is that human beings 
should be respected regardless of their intellectual capabilities. Paul 
(1984, 1987) has noted that, given the complexity of our society, the 
ability to recognize our values and the reasons behind them and to 
acknowledge another system of reasoning that would yield a different 
value is one of the most important intellectual skills a person can 
develop. Fisher and Ury (1981) assert that this skill is at the heart of 
negotiation. 

lb practice the process of analyzing perspectives, students can 
systematically analyze their values as they are triggered by learning 
experiences; ultimately, this process will help them understand ( though 
not necessarily agree with) other systems of values. At a basic level, the 
process involves: 

• Acknowledging your emotional responses. 

• Identifying the specific concept or statement that has triggered 
the responses. 

• Describing the specific value represented by the concept or state- 
ment. 

• Describing the reasoning or belief systems behind the value. 

• Articulating an opposing value. 

• Describing the reasoning behind that value. 

This process is most commonly used in the context of an argument 
or conflict. For example, in a conversation about abortion. Person A 
might assert that abortion should be banned. In response. Person B 
might become angry. If person B were to stop and analyze perspectives, 
she would first acknowledge her strong emotional response (anger), and 
the specific concept or statement that triggered it (abortion should be 
banned). Then she would tiy to determine the underlying value repre- 
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sented by that statement, which in this case might be the idea that life 
should never be taken by another human being. At a much higher 
analytical level, she would try to discern the system of reasoning or 
beliefs underlying the \alue. Because systems of beliefs are invariably 
the foundation of values, identifying them is the very core of analyzing 
perspectives. In this case. Person B might discover that Person As belief 
that life begins at conception is the underlying principle driving her 
value and consequent reaction to abortion. Person B would then articu- 
late a value counter to this (abortion shoul d no t be banned) and a system 
of reasoning or beliefs that would logically support the value (life does 
not begin at conception). 

This is an oversimplified example of a process that Paul (1984, 
1987) and others assert has the power to create great personal insight 
and ilexibility in dealing with others. As a tool for extending and refining 
knowledge it has wide application. For example, students might use the 
process with essays on the ethics of the U.S. invasion of Iraq in 1991, 
The teacher would present students with an editorial strongly in favor 
of (or against) the U,S. invasion of Iraq. Students would then try to 
identify their reaction to the editorial, the specific concept or statement 
they have reacted to, the value underlying their reaction, and the system 
of beliefs underlying that value. Students who have similar reactions 
might form a cooperative group. The group would then articulate an 
opposing value and a possible system of beliefs underiying it. Coopera- 
tive groups could present their findings orally or in writing, along with 
statements of the personal awareness the process created. 

Teaching the Extending and Refining Processes 

As you no doubt inferred from the previous discussion, the extend- 
ing and refining operations can be rather complex processes that include 
steps or general rules. In short, they themselves are types of procedural 
knowledge. Within the thinking skills movement, there is some debate 
about whether these mental processes should be taught directly to 
students. On one side of the issue are theorists such as Beyer (1988), 
who assert that students need direct instruction and practice in these 
mental processes in a content-free environment. At the other end of the 
continuum are those who assert that these processes make sense only 
in the context of domain-specific content. Resnick (1987) and Glaser 
(1984, 1985) are perhaps the most widely recognized proponents of this 
perspective. Their position on the extending and refining operations 
described in this chapter would probably be that students should be 
given such tasks only to learn about content. The operations should not 
be taught as skills in themselves. 
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The Dimensions of Learningmodel combines the best of both views, 
although there is a strong bias toward the Resnick and Glaser end of 
the continuum. Because the extending and refining operations are 
intended as activities to help students deepen their knowledge of con- 
tent, they should be presented to students as tasks that involve content- 
specific declarative and procedural information. There is, however, one 
situation in which it might be advantageous to teach the steps or 
heuristics involved in these operations; when students cannot perform 
or are having difficulty with a task for reasons other than their knowl- 
edge of the content involved. This might occur frequently in the lower 
elementary grades. I have witnessed situations where students were 
fully knowledgeable about the content involved, but had extreme diffi- 
culty with extending and refining tasks. The difficulty was alleviated 
when the teacher explained the processes involved and then demon- 
strated them for students. 

One way of ensuring that students understand and can effectively 
use the extending and refining operations is to use Beyer's direct 
instruction approach with one important modification: the processes 
should not be presented in a content-free manner. That is, the teacher 
should outline the explicit steps in each process and use the subject being 
studied to give students practice in using the steps. In this way, students 
receive a detailed and clear demonstration of the processes without 
taking time or energy away from the curriculum. 

Another way of increasing the probability that students can use 
the extending and refining processes is to initially use taF.Rs that are 
structured in su h a way as to make the process explicit. Here is an 
example of a "process explicit" abstraction task: 

Bees, termites, and ants live in tightly structured social groups with 
strict rules governing behavior and roles within the group. Examine 
the rules t' govern one of these societies, considering especially 
rules involv i.ig leadership and rank, work, living space, cooperation, 
competition, taking care of and educating the young, and continu- 
ation of the group. Relate the patterns that you have identified in 
the insect kingdom to the patterns that you see in human social 
groups (such as those in tribes, cities, small towns, or work in large 
companies or factories). 

This task is structured so that students are presented with the 
literal information on which they are to focus (rules in a specific insect 
society regarding leadership, rank, work, and so on) and the general 
situation to which the information is to be abstracted (human societies ). 
The part of the abstraction process left to students is to identify the 
abstract or general pattern. In short, the abstraction process is built into 
the task. 
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For some students in some situations, it is advantageous, if not 
necessary, to receive explicit guidance in the processes and genera) rules 
underlying the operations for extending and refining knowledge. Theo- 
retically, this guidance should help students transfer their use of these 
skills to other content areas, but it is common knowledge that the 
research on transfer is discouraging for people seeking to develop 
strategies that will help students transfer skills (Hayes 1981). After 
describing a study in which a subject was unable to transfer his skill in 
memorizing digits to the task of memorizing letters, Anderson (1990) 
noted that "this is an almost ridiculous extreme of what is becoming a 
depressing pattern in the development of cognitive skills. This is that 
these skills can be quite narrow and fail to transfer to other activities" 
(p. 284). 

Even in light of these conclusions, there is some hope. Transfer 
appears to occur under two conditions, similar elements and explicit 
cueing. E. L. Thorndike, in a series of experiments, established the 
theory of similar elements, which states that the more two processes 
have in common the higher the probability of transfer (Thorndike 1906, 
Thorndike and Woodworth 1901). That is, the knowledge involved in 
proces.-^ \ would transfer to process B as long as process B had similar 
steps or component parts. Actually, Thorndike said that the processes 
had to have identical elements, but in later studies researchers showed 
that the elements simply had to be similar (Singly and Anderson 1989). 

Even when processes contain similar elements, transfer usually 
doesn't occur without cueing. For example, Gick and Holyoak (1980, 
1983) found that with a cue, 75 percent of students could transfer the 
process learned in one task to another. In contrast, only 30 percent of 
their subjects performed the transfer without the cue. In other words, 
students had to be explicitly reminded to use the strategies they had 
been taught. 

In summary, for transfer to occur, the skill or process used in one 
task must be very similar to that in the transfer task and students must 
be reminded to use the strategy. Fortunately, these conditions are easily 
met by the extending and refining operations described in this chapter. 
For example, the process of comparison taught in science will be the 
same as the process of comparison taught in social studies except for the 
content used. The process of classification taught in mathematics will 
be the same as that taught in literature except for the content used. Once 
students learn the eight extending and refining operations, they can use 
them in any class, provided they are reminded to use them. Using the 
names of the processes— comparison, classification, induction, deduc- 
tion, and so on— can be the cue for the processes that have been taught. 
Arthur Costa and I (1991) believe that teachers should regularly use the 
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names of analytic skills in the classroom as part of a "language of 
thinking"' shared by teacher and students. Carolyn Hughes, one of the 
initiators of the current emphasis on teaching thinking skills in Ameri- 
can classrooms, has long asserted that from the primary grades on, 
students should be taught the names of the reasoning skills we want 
them to use. 



Planning for Extending and Refining Knowledge 

Just as a teacher plans activities to help students acquire and 
integrate declarative and procedural knowledge, so too must she plan 
to help students extend and refine their knowledge. Again, let s consider 
Ms. Conklin's planning for the unit on weather. 



Ms. Conklin's Planning for Dimension 3 

Ms, Conklin is pleased with the activities she has identified to help 
students acquire and integrate the information about weather. Surely all 
these different experiences will help students make the information about 
weather part of their knowledge base. But she wants them to go much 
furth'^ She would like to help students think deeply about the content. 
First she has to consider which information to focus on. She soon finds 
that this isn't an easy decision. Even though she has been fairly specific 
about which information to emphasize in the various learning experi- 
ences, she must now be even more specific. She decides that three areas 
are good candidates for extending and refining activities: 



• The events leading up to a tornado 

• How we forecast the weather 

• Air pressure 

In choosing extending and refining activities, she asks herself what 
kind of activities would suit the content. Her thinking goes something like 
this: "Let' s see, I think it*s important that they understand that the process 
of a tornado forming has some unique characteristics. Maybe comparing 
it with how a hurricane forms would bring out those unique charac- 
teristics, But what should I have them do to extend their knowledge about 
weather forecasting?" As she makes decisions about extending and refin- 
ing activities, she records them in the unit planning guide (see Figure 4.9>. 
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FIGURE 4.9 
Unit Planning Guide for 
Dimension 3: Extending and Refining Knowledge 
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When Ms. Conklin is done, she pauses for a moment to reconsider 
her decisions. The more she thinks about the activities she has identified^ 
the more excited she becomes. **There are some things here they can really 
get their teeth into. But Tm going to have to give thorn a lot of guidance.** 

Ms. Conklin's planning illustrates two basic decisions involved in 
planning for Dimension 3: 

L What information will be extended and refined? Not all 

information must be analyzed in depth. The sheer amount of information 
available in most subjects makes that impossible. In 1982, John Naisbitt 
pointed out the futility of trying to keep up with the growth of information: 

• Between 6,000 and 7,000 scientific articles are written each 
day. 

• Scientific and technical information now increases 13 percent 
per year, which means it doubles every 5.5 years. 

• But the rate will soon jump to perhaps 40 percent per year 
because of new, more powerful information systems and an increas- 
ing population of scientists. That means that data will double every 
twenty months (Naisbitt 1982, p. 24). 

Even though Naisbitt's predictions have not been entirely accurate, 
his essential message has proved true; Information continues to grow 
geometrically. It is impossible to know everything about a subject and 
even more foolhardy to try to teach everything about a subject. The 
renowned mathematician John von Neumann put it succinctly when he 
noted that a century ago it was possible to understand all of mathemat- 
ics, but by 1950 even the most well-informed mathematician could have 
access to only 10 percent of the knowledge of this field (in Gardner, 
p. 149). The implication, then, is that educators must specify the infor- 
mation to be analyzed in depth. Of all the information covered in her 
unit on weather, Ms. Conklin has decided to focus on three basic pieces. 

2. What activities will be used to help students extend and 
refine their knowledge? The important rule of thumb when selecting 
extending and refining tasks is to "let the content select the tasks"; that 
is, activities should naturally fall out of the content. For example, 
comparing the events leading up to a tornado with those leading up to 
a hurricane seems to be a natural way of extending and refining 
knowledge about tornadoes. The activity cf comparison, then, fits well 
with that particular content, whereas the activity of analyzing errors or 
constructing support would not seem to fit as well. I have witnessed some 
disastrous results when teachers have tried to fit the content to the task, 
rather than the task to the content. Such tasks are usually clumsy. 
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uninspiring, and not very effective. On the other hand, when teachers 
think of the eight categories of tasks described in this chaptei as a menu 
from which to choose, the results can 1 e very exciting. In some units, 
they use a little induction and analysis of perspectives because these go 
well with the content. In other units, comparison and abstraction may 
better complement the unit. What's most important is that the task help 
students better understand what they are learning. 



ERIC 



o^. 

105 



122 



5 



❖ 

DIMENSION 4 
Using Knowledge 
Meaningfully 
❖ 

-^nerally, we acquire and integrate knowledge because we want or 
need to use it. For instance, when I was a graduate student with 
little money to spare, I learned a great deal about automobile engines 
because I wanted to save money by doing my own tune-ups (since then, 
IVe learned that*s what grown sons are for). And recently, I learned a lot 
about stereos because I wanted to make an intelligent decision about 
buying cne. In short, we learn bebt when we need knowledge to accom- 
plish some goal. It's important to note that the extending and refining 
tasks described in Chapter 4 are not usually the focus of goals. People 
don't often comp&i e just for the purpose of comparing, they don't abstract 
simply for the pleasure of abstracting. Some kinds of tasks, however, do 
represent common goals— common ways we use knowledge meaning- 
fully. They are decision making, investigation, experimental inquiry, 
problem solving, and invention. 

Decision Making 

Decision making is the process of answering such questions as 
*What is the best way to . . . or "Which of these is most suitable . . , ?" 
It is a process that people of all ages use throughout their lives— usually 
vs^thout thinking much about it. Used in the classroom, however, it is 
an excellent way to improve learning, lb find out how decision making 
can be used in the classroom, let's look at Ms. Haas' class. 
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Ms. Haas* Class 

The students in Ms. Haas' class have been studying the 1960s. So far, they 
have really eryoyed the unit. They especially liked watchingfilm clips from 
Easy Rider and a documentary about Woodstock. Ms. Haas has eryoyed 
the unit too because it made her remember her younger days She even 
brought in sjme of her headbands, bell-bottoms, and love beads that were 
her uniform at Berkeley She thinks her students know the people of that 
era well and some of the issues that shaped the times. 

One day a student asks who was the most influential person of the 
1960s. Ms. Haas thinks for a moment. ^'Before I give you iny answer, give 
me yours,** she says. One student yells out, ^Timothy Leary." "Why?" Ms. 
Haas asks. Before the student can answer, another student says, "No, it 
had to be JFK.** Ms. Haas sees an opportunity. 'OK, Ms not answer it 
right now " she says, "let's take some time *' Just then theb-ll rings, giving 
her until the next day to plan. She decides to turr* her students' interest 
into a project. 

When she meets the claas tho next day she doesn't have to remind 
students of the previous discussion. They ask, '*Who was the most influ- 
ential person?** She doesn't answer but instead says, Let's try something. 
Pretend that you are on a committee for Time magazine, which is publish- 
ing an issue commemorating the decade of the 1960s. The cover of this 
issue will feature the person of that decade. Your job is to decide which 
person should be selected and justify your decision to the publishers by 
listing the people that you considered, the criteria you used, and how you 
rated each person.** 

We make decisions every day. Most are rather trivial and don't 
involve a great deal of thought, like where to go for lunch or what movie 
to see. Some decisions, however, can greatly affect our lives and others*, 
It is when we make these decisions that we involve ourselves deeply m 
the content surrounding them. For example, John F. Kennedy was 
engaged in decision making while he was trying to determine what to 
do about the Soviets' shipping nuclear missiles to Cuba. In effect, he was 
asking himself, *mat is the best course of action to take for the 
American people?" According to some accounts of that decision, Kennedy 
and his advisory committees studied the situation in depth. Similarly, 
from August 1990 to January 15, 1991, President Bush was engaged in 
decision making when he was trying to identify the best course of action 
for the United States in the conflict between Iraq and Kuwait. 
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There are several decision-making models, including those by 
Wales,Nardi, andStager(1985), Halpern(1984), andEhrenberg, Ehren- 
berg, and Durfee ( 1979). Analyzing these models reveals that decision 
making typically involves a situation in which you must select among 
two or more alternatives. At the outset, these two or more alternatives 
commonly are equally appealing or, at least, it is not immediately 
apparent which is the most appealing. Consequently, to make your 
selection you first identify what you want from the situation. In mure 
formal terms, you identify the "criteria" or ^'outcomes" you wish to 
incorporate in your final selection. For example, during the Cuban 
missile crisis, Kennedy might have considered the following criteria or 
outcomes: 

• Ensure the long-term safety of the United States. 

• Exhibit the appearance of power. 

• Avoid forcing military action between the United States and the 
Soviet Union. 

When decision naking is .^one systematically, the next step is to 
identify the importance of each of the possible outcomes. Kennedy might 
have concluded that ensuring the long-term safety of the United States 
and avoiding aggression between the United States and the Soviet 
Union were high priorities, but appearing powerful was not. Some 
models of decision making suggest that perceiv: d importance of criteria 
should be quantified. For example, a weight of 3 could indicate that a 
criterion is very important; a weight of 2, moderately important; and a 
weight of 1, not very important. Using this process, Kennedy might have 
given a weight of 3 to the first and third outcomes and a weight of 1 to 
the second outcome. 

The next step is to identify the alternatives to be considered. 
Kennedy may have been considering these alternative actions: 

1. Blockade Cuba, but do not announce what actions will be taken 
if the blockade is broken. 

2. Blockade Cuba and threaten to sink the ships if the blockade is 
broken. 

3. Allow ships to enter Cuba and threaten to invade the country if 
the missiles are installed. 

4. Allow ships to enter Cuba and do not announce any kind of 
retaliation. 

Once alternative actions have been considered, the outcomes are 
referenced against the alternative actions. That is, the extent to which 
each alternative action can bring about each desired outcome identi- 
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fied. Again, some theorists recommend that this relationship be quanti- 
fied. A decision matrix like that in Figure 5.1 is a useful tool for such 
quantification. 

Figure 5.1 indicates that the first alternative has a moderate 
probability of affecting outcome A (it has a weight of 2). Alternative 2 
has a high probability of affecting outcome A (it h-^s a weight of 3), and 
so on. As you can see in this figure, if the decision maker multiplies the 
"alternative weights" by the "outcome weights" and adds up the products 
for each alternative, he can reach a quantitative decision. 

As the example ofthe Cuban missile crisis illustrates, the decision- 
making process forces the decision maker to assign priorities to out- 
comes and analyze the relationships between outcomes and possible 
alternative s. This is a fairly sophisticated level of analysis. 

In the classroom, the decision-making process can be used in a 
variety of ways in many content areas. Ms. Haas employed the process 
to help students use the knowledge they had gained about the 1960s in 
some realistic and intriguing ways. "Who was the most influential 
person ofthe 1960s?" is a question that people, especially those who have 
studied or lived through the 1960s, might realistically ask. Tho process 
of answering this question would inevitably make students aware of 
aspects of the 1960s they would not have understood without tackling 
such an involved task. 

DeJsion-making tasks can be used in a variety of content areas. 
Here is an example of a task that might be used in a science class where 
students are studying nuclear energy and nuclear reactors: 

We have learned about three different types of nuclear reactors. We 
have also studied the resources and environment nuclear reactors 
require. Assume you are on a panel charged to select the type of 
nuclear reactor that will be built in the state and where it will be 
built. Make your selection of both the type of reactor and the site 
where it should be built. Your report should include the following 
items: 

• The criteria you used to determine the type of reactor to build 
and why you used those criteria. 

• The extent to which each reactor measured up to each of your 
criteria. 

• The alternative sites you considered. 

• The criteria you used to assess the sites. 

• The extent to which each site measured up to your criteria. 

• Your final selection. 
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FIGURE 5.1 
Decision Matrix 
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Investigation 

There are three basic types of investigation. Definitional investi- 
gation involves answering such questions as 'What are the defining 
characteristics of . . . or "What are the important features of . . . ?" 
Historical investigation involves answering such questions as "How did 
this happen?" and "Why did this happen?" And projective investigation 
involves answering such questions as '*What would happen if . . . ?" and 
**What would have happened if . . . ?" 

All three types of investigation can be used in a variety of classroom 
situations, lb illustrate, let's consider the examples of Ms. Whisler, Ms. 
McCombs, and Mr. Kendall, whose classrooms depict the use of defini- 
tional, historical, and projective investigation respectively. 

Ms. Whisler's Class 
(Dennitional Investigation) 

For the past two units, Ms. Whisler and her students have been studying 
the various ages in history. They have just finished studying the Renais* 
sance. As Ms. V/hisler was summarizing what the class has learned so far, 
one student asked, "Exactly \^hat is an age?" When she tried to respond, 
Ms. Whisler realized that she really didn't have a good answer. She knew 
historians have identified specific ages- the Renaissance, the Dark Ages, 
the Age of Discovery — but she wasn't really sure how to define an age in 
general. As a group, Ms. Whisler and her students decided they would like 
to answer the question "What are the characteristics of an age?" Ms. 
Whisler explained that in answering this question, they should try to 
determine the characteristics that define an age in general terms and then 
look at a few specific ages and see if the characteristics really fit. Ms. 
Whisler also encouraged students to identify the confusions that exist 
about the concept of an age: "If we*re asking what an age is, other people 
must be too. Let's see if we can clear up some of the confusion." 

Ms. McCombs* Class 
(Historical Investigation) 

Ms. McCombs* 4th grade class has been studying dinosaurs. The textbook 
explains that the dinosaurs died because of severe changes in climate. One 
student who has been interested in dinosaurs since she was five years old 
says, "That's not why the dinosaurs died. 1 read that it was because a big 
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comet hit the earth and they all died at once." Ms. McCombs says, "Well, 
you're right. There are a number of explanations for why the dinosaurs 
died." Rather than describe the various theories, Ms. McCombs decides to 
turn the question of why the dinosaurs died into a research project. She 
writes the question on the board: "Why did the dinosaurs die?" She 
explains to students that they can work in groups or on their own. They 
have to cotm up with an answer that satisfies them, but their answer also 
must take into account other explanations, they must describe why their 
answer is the best. One of the students asks, "Where do we start?" Ms. 
McCombs replies, "Anywhere you want. Let's go trlk to the librarian to 
see what we have available to help you." 

Mr. Kendall's Oiass 
(Projective Investigation) 

One day while studying the concept of the "greenhouse effect,** a student 
in Mr. Kendall's science class asks, "What will happen if the gieen house 
effect is true? I mean, what will really happen if the temperature of the 
entire earth goes up?" Mr. Kendall throws the question right back at the 
students: "What do you think?"To his surprise, they get into a lively and 
very heated discussion. Some students say they have heard that if the 
temperature goes up more than 3*^F the polar caps will melt and all the 
coastlines will be flooded. New York and Los Angeles will be under watQ . 
Another student says she heard that for the polar ice caps to melt, the 
temperature would have to go up at least lO^F and that would be impos- 
sible even in the worst conditions. The debate lasts until the end of the 
period. 

The next day students want to continue the debate as soon as class 
starts again. Mn Kendall responds, "We need more information. Let's 
investigate this issue. What would happen if the greenhouse effect were 
an undeniable reality?" Mr. Kendall makes the question more specific by 
identifying some assumptions they will work under, the most important 
of which is that within ten years the overall temperature of the entire 
planet will rise by and then remain stable for a thirty -year period due 
to the corrective efforts of people around the world. Students have a week 
to work on the question in small groups. Mr. Kendall tells students that 
in their reporting they should explain the confusions about this issue and 
describe the conflicting viewpoints. 
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Definitional Investigation 

As Ms. Whisler's example illustrates, definitional investigation 
involves identifying the defining characteristics of a concept for v^hich 
such characteristics are unknov^n or, at least, not readily apparent. 
Although students had been studying various ages, neither they nor Ms. 
Whisler was sure about the defining characteristics of an age. Addition- 
ally, there was no place they could go to easily obtain that information. 
In most fields, definitional investigation is a continuing process. For 
example, people are still investigating how to define the concept "legally 
dead.*" What is the defining characteristic of that concept? Is it that all 
vital signs have stopped or is it that the brain's higher-order functions 
have ceased? In fact, many of the current issues facing modem society 
are issues that can be explored using definitional investigation. Con- 
sider the issues of abortion and defamation of the American flag. We can 
phrase each of these issues in the formal terms of definitional investi- 
gation: 

• Abortion. What are the defining characteristics of a person who 
has the rights of an individual in our society? Does a fetus have such 
rights? Are these rights protected from the moment of conception? (And 
how do we confine conception?) Are they protected from the moment of 
birth? 

• Defamation of the American flag. What are the defining charac- 
teristics of freedom of speech? Does it extend to the defamation of the 
American flag? 

Definitional investigation is basic to an advancing society. It is a 
powerful tool used to make important distinctions about evolving con- 
cepts. In the classroom, it can be used in virtually every content area 
where understanding concepts is important. Here is an example of a 
definitional investigation task that might be used in a social studies 
class: 

Identify a past or present amendment to the U.S. Constitution that 
has caused controversy or confusion. Tbll what is known or agreed 
upon about this amendment and explain where the confusion or 
contradiction exists. What do you think is the intent of this amend- 
ment and how could this amendment be reworded to reflect your 
views and clear up the confusion? 

Historiciil Investigation 

Historical investigation involves identifying why or how some past 
event occurred. This was the type of investigation used in Ms. McCombs* 
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class. Much of what is called investigative reporting falls into the 
category of historical investigation. For example, Bob Woodward and 
Carl Bernstein were involved in historical investigation when they 
uncovered and reported the events surrounding the Watergate break-in. 
Similarly, the researchers and theorists who have been trying to unravel 
the mystery surrounding the assassination of John F. Kennedy have 
been involved in historical investigation. 

Historical investigation is basic to our attempts to understand the 
past. Of course, there are many content areas in which such a perspec- 
tive is a driving force. History, literature, and anthropology are to a great 
extent driven by such questions as "Why didn't Hitler heed the advice 
of his generals about the inevitability and severity of the Normandy 
invasion?" '"Why did Hemingway commit suicide?" "How did Neander- 
thal man die out?" There are also many opportunities for historical 
investigation in fields that, on the surface, do not appear to have an 
historical bent. For example, here is an historical investigation task that 
a high school calculus teacher gave to her class: 

We now know that Newton discovered calculus years before Leibniz 
did, but Newton published his work much later than Leibniz. A 
major row ensued over who had been first. As the row grew, Leibniz 
made the mistake of appealing to the Royal Society to resolve the 
dispute. Newton, as president of the society, appointed an "impar- 
tial" committee to investigate the issue. The report from the com- 
mittee officially accused Leibniz of plagiarism. Some people say 
Newton wrote the report himself. Your task is to find out the truth 
about this incident. Identify the conflicting theories and defend the 
one that you think is the most credible. 

^ojective Investigation 

Projective investigation involves identifying what will happen if 
some future event occurs or what would have happened if some past 
event had occurred. Projective investigation deals with the hypothetical. 
The current debate about what will happen if more of the rain forests in 
Brazil are cut down and the debate over what will happen if the ozone 
layer continues to erode are examples of projective investigation. In 
school, we can readily use projective investigation in content areas that 
deal with hypothetical past or future situations. For example, here is an 
investigation that might be done in a high school sociology class: 

The notion that some countries are more "developed** than others 
implies that one countr/s future may be understood as, in part, the 
reenactment of another country^s past. Select some aspect of devel- 
opment for which this might hold true (cultural, military, spiritual. 
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etc.). Working within the aspect of development you have selected, 
describe those changes in a developing country that you believe you 
can predict with some confidence. Identify those areas that would 
be least predictable. Finally, describe the ways in which the aspect 
of development you have selected can be better understood from the 
perspective of more developed countries, and in what ways that 
perspective can be misleading. 

All three types of investigation involve several common elements. 
For one, they involve identifying what is known or commonly accepted 
about the concept, past event, or hypothetical event being studied. 
Students performing Ms. Whisler's project on the characteristics of an 
age would first have to identify what is already known or accepted about 
the concept of historic ages. Ms. McCombs* students would have to 
identify what is known and accepted about the disappearance of dino- 
saurs, and Mr. Kendall's students, what is known and accepted about 
the greenhouse effect. At this identifying stage, students should use 
primary source materials as much as possible so they can get undiluted 
information. For example, if students were doing an historical investi- 
gation about why Hemingway committed suicide, they should be encour- 
aged to read his letters or his relatives' accounts of him. 

Perhaps the most important part of any type of investigation is 
identifying contradictions or confusions. Note that Ms. Whisler, Ms. 
McCombs, and Mr. Kendall all stressed that students should highlight 
the confusions and contradictions surrounding their topics. It is the 
desire to resolve confusions and contradictions that usually moves a 
person to investigate. 

The last element all types of investigation have in common is the 
solutions to the contradictions and confusions previously identified. The 
importance of identifying confusions and contradictions and then offer- 
ing and justifying solutions cannot be emphasized enough. These com- 
ponents are the life force of investigation. Without them, the process is 
simply a matter of collecting information and reporting it. This was 
dramatically illustrated to me when my daughter Carmen was required 
to do a "report" on the Exodus. She approached it as a simple matter of 
collecting information from various encyclopedias, the Bible, and some 
books from the library. She was not very enthusiastic about the project 
until she found a contradiction in some of the materials she was using. 
Specifically, she found that in most accounts of the Exodus, Moses was 
credited with parting the waters of the Red Sea so that the enslaved 
Jewish nation could escape the Egyptian army. When the army tried to 
pass through the parted waters, they were drowned. In one of the books 
she had checked out of the library, however, the dejcription of the 
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incident stated that Moses led the Hebrew people across the Reed Sea, 
which was a shallow marshland. When the Egyptian army tried to cross, 
their heavy chariots and machinery became bogged down in the mire. 

When Carmen asked me about the contradiction, I explained that 
there are various theories about the literal interpretation of biblical 
stories. Some believe they describe actual history, whereas others be- 
lieve they are fictional stories intended tc teach important truths. 
Carmen became intensely interested in this issue and we talked at 
length about the possibilities. Unfortunately, her enthusiasm was not 
funneled back into her project because the project was not set up in such 
a way as to focus on the contradictions and confusions surrounding the 
topic. 

In short, the potential power of definitional, historic, and projective 
investigation is immense if the investigations are structured in a way 
that forces students to provide and justify solutions for confusions and 
contradictions. 



Experimental inquiry is the process we engage in when answering 
such questions as "How can I explain this?"* and "Based on my explana- 
tion, what can I predict?" lb explore how experimental inquiry might be 
used in the classroom, let's look at Ms, Isaac's class. 

Ms. Isaac's Class 

lb make the classroom environment a little brighter, Ms. Isaac had 
brought in different types of plants an d flowers and let her students choose 
where to place them in the room. One vine was placed in a small cubbyhole 
under a shelf where there wasn*t much light. After two weeks, one student 
noticed that the plant had grown in an odd fashion. It hadn t grown 
straight up, as the other plants had, but grew out sideways and took two 
or three turns until its outermost vines reached the window and the 
sunlight. Then it grew straight up. 

When students asked why this had happened. Ms. Isaac seized the 
opportunity for a science lesson. She first had students generate their own 
explanations forthe phenomena. Some thought itwasbecause plants need 
light. Others thought it was because they need fresh air. Although Ms. 
Isaacs was tempted, she didn t correct any of their explanations. She 
simply asked, "Why do you think that might be?*" Then she asked students 
to make a prediction based on their explanations and set up an experiment 
to test their prediction. She was amazed at what they came up with. 
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The next few days were spent setting up the experiments. Some 
students even brought in their parents, who had become interested when 
their children began asking related questions at the dinner table. It took 
two weeks to set up and conduct all the experiments. During that time, 
the children could hardly wait to finish their other lessons so they could 
check the progress of their studies. When the experiments were over, thi* 
children reevaluated their initial explanations. Three students whose 
original explanations contained the premise that plants will grow toward 
the light had the most success with their experiments. As a class, thoy 
decided that this principle seemed the most accurate. They all wanted to 
set up another experiment to reaffirm the principle. 

Of course, the approach described in Ms. Isaac's class is the basis 
of modern science. The process of observing phenomena, generating 
explanations, making predictions, and then testing those predictions is 
frequently referred to as the scientific method. This type of thinking has 
changed the world. Prior to the scientific revolution some four centuries 
ago, physical and psychological phenomena were explained by deductive 
reasoning from "revealed truth." Observations we^-e not necessary be- 
cause the world could be explained by reasoning from wha^ was known. 
In fact, anyone who challenged known "tinith" did so at a great risk. As 
the renowned physicist Stephen Hawking (1988) explains, Copernicus 
anonymously circulated his theory that the sun was the center of the 
universe because he feared being branded a heretic. Nearly a century 
later, Galileo was placed under house arrest for the last eight years of 
his life by a clergyman protecting revealed truth, because Galileo pub- 
licly supported the Copernican hypothesis (Gilovich 1991). 

In its most basic form, experimental inquiry involves observing, 
analyzing, predicting, testing, and reevaluating. For instance, a student 
might first o6sert'c that water in a shallow pan lefi. overnight evaporates. 
The student would then analyze the event in an attempt to explain what 
happened {e.g., the water evaporated because it was exposed to di^ air). 
Basea on this analysis, the student vjould predict what might happen 
under certain conditions (e.g., the lower the humidity, the quicker water 
evaporates). The student would then test his prediction by setting up an 
experiment. Finally, based on the outcome of his experiment, the student 
would reevaluate his original explanation. 

Many people assume that experimental inquiry is the standard 
operating procedure of science classes in U.S. public schools. Unfortu- 
nately, this is not true. In a recent report on common practices in 
American classrooms, NAEP reported that only 53 percent of the stu- 
dents sui-veyed said they daily or weekly do science experiments with 
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others and 18 percen t said they never do. Only 29 percent said they daily 
or weekly do experiments by themselves and 46 percent said they never 
do experiments by themselves (Mullis et al. 1990). 

If experimental inquiry is rare in science classrooms, it is virtually 
nonexistent in other classrooms. This need not be the case; experimental 
inquiry can and should be used in all content areas. In my teacher 
workshops, I often say this, and I usually see puzzled looks on teachers' 
facets. Social studies or literature teachers usually react by saying that 
experimental inquiry is meant to explain physical phenomena. What 
these educators overlook is that experimental inquiry is also the pre- 
ferred method of explaining psychological phenomena or human reac- 
tions. The realization that experimental inqiiir^' can be used to explain 
human reactions opens the door for its uses across all disciplines. 

For example, in a literature class, a student might become aware 
that she is easily confused by the writing of Faulkner. This represents 
the observational phase of experimental inquiry as it applies to psycho- 
logical phenomena: noting a reaction in yourself or in others. During the 
analysis phase of the experimental inquiry process, the student would 
try to determine why she reacts this way to Faulkner. She might 
conclude that it is Faulkner's use of long, syntactically complex sen- 
tences that confuses her. During the prediction phase, she might hy- 
pothesize that information written in long sentences is more difficult to 
understand than information written in short sentences. During the 
testing phase, she would set up an activity to test her hypothesis. She 
might write two short essays covering exactly the same content, but 
write one essay using long, syntactically complex sentences and write 
the other using short, syntactically s'mple sentences. She could then test 
classmates on the content, perhaps by using an essay question. The 
student scientist would then evaluate the essay answers to determine 
which group best understood the content — the students who read the 
information presented in short sentences or those who read the infor- 
mation presented in longer sentences. Finally, during the reevaluation 
phase, the student would reexamine her initial conclusions, either 
afTirming or altering them based on the results of her activity. The 
results here might indicate that when sentences become too syntacti- 
cally simple, the information they convey is also difficult to comprehend. 
Hence, she might conclude that information is more easily understood 
by the reader when the syntax used to express it is moderately complex. 

Experimental inquiry, then, can be applied powerfully to almost 
any subject The first example below is an experimental inquiry task 
that might be used in a physics class. The second is an experimental 
inquiry task that might be used in a social studies class. 
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Example 1 

YouVe observed that when you are descending in an elevator, you 
feel heavier as the elevator comes to a stop. Do you suddenly gain 
weight, then lose it again? How can you explain this feeling? Based 
on your understanding of the principles involved, make a prediction 
about the extent to which a given object will have a different weight 
in a specific situation. Set up an experiment that will test your 
prediction, carry out the experiment, and then describe whether 
your experiment proved or disproved your hypothesis. Discuss the 
extent to which the principles you've described still hold true. 



Example 2 

The people who entered adulthood in the 1960s are now in their 
forties. Some would say the 1960s have had no long-term effects on 
these people. Others would argue that, in subtle ways, the experi- 
ences of the 1960s are influencing the way these people are living 
their lives today. Try to determine what effects the experiences of 
the 1960s are having on life in the 1990s. Tbst your 1 potheses by 
applying them to a number of people who were in their early 
twenties in 1960. 



Problem Solving 

Problem solving involves answering such questions "How will I 
overcome this obstacle?*' or "How will I reach i.^y goal but still meet these 
conditions?'* At its core, it is the process of achieving a goal that is blocked 
by bome obstacle or limiting condition. But this is a fairly narrow 
definition of problem solving. In a very broad sense, any attempt to 
achieve a goal can be characterized as problem solving. In fact, Anderson 
(1982, 1983) and others have built computer programs that can "learn" 
using an algorithm that assumes all learning is problem solving. Con- 
ceptualizing problem solving in the narrow sense of overcoming overt 
obstacles to a goal, however, allows teachers to devise tasks that rein- 
force a specific and highly important type of thinking. Roger von Oech 
makes this point in his book A Whack on the Side of the Head (1983). 
Fundamentally, he says that we become truly creative when we are 
forced to perform routine operations in a new way. Tb explore how 
problem solving can be used in the classroom, let's look at Mr. Gross- 
man's class. 
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Mr. Grossman's Class 

Mr. Grossman's class has just finished studying the preservative effects 
of salt on food. In fact, they spent two weeks studying the exact chemical 
reactions that create the preservative effect. One student asks, "How could 
people have preserved food without salt?" Another student replies, "They 
could have used ice." Mr. Grossman points out that in the days when 
people used salt as a preservative, they had no way of keeping ice from 
melting. Another student asks, "What if they hadn't found out about salt? 
Was there any alternative?" Mr. Gros&man says, 'Tou knew, youVe raising 
a very interesting question. How could we accomplish the same preserv- 
ative effects of salt without ubing salt or refrigeration? Let's make it even 
tougher. How could we achieve the preservative effect of salt without using 
any of its basic coa.ponents — sodium or chlorine — and without using 
refrigeration of any sort?" At first the students think Mr. Grossman is 
joking, but then they realize he really wants them to answer this question. 
One student asks, 'Can it be done?" Mr. Grossman responds, "I don't know, 
let's give it a try." 

It is the type of thinking that springs from Mr. Grossman's chal- 
lenge that has led to some of our great inventions. The powerful thinking 
skills program Odyssey of the Mind (Gourley 1981, Gourley and Micklus 
1989) poses similar problems that require students to achieve goals 
under specific conditions or constraints. Here are some examples: 

• Present the Gettysburg address in a new artificial language. 
You cannot use any English words or conventions. Be prepared to 
explain the words and any rules you have created for your language, 

• Create a freestanding structure that is as tall as possible using 
only playing cards and masking tape. 

• Build as complex a structure as possible inside a clear plastic, 
two-liter container for sofl drinks without cutting or altering the 
container in any way. Entry to the inside of the container should be 
only through the mouth of the plastic bottle. 

The process of solving a problem begins with specifying a goal. For 
example, if you get up one morning and find that your car won't start, 
you have a problem. In this situation, the goal is obvious: getting to work. 
The next step might be described as identifying the constraint. Here, 
the constraint is that your usual method of transportation is not avail- 
able. An important part of problem solving is identifying alternative 
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ways of accomplishing the goal. In this example, that means determin- 
ing other modes of transportation, taking a bus, finding a ride with a 
friend, or riding yo - bicycle. Finally, problem solving involves selecting 
an alternative and trying it out. 

Teachers can use this process in a wide variety of subjects. An 
English teacher once related to me the results of asking students to 
devise a method of signaling complete thoughts and questions in oral 
language without using pitch (conventionally we lower pitch to signal 
the end of a complete thought and raise pitch to signal a question). The 
teacher explaineu that this task led students to explore aspects of 
language they would otherwise never have considered. For example, one 
group of students began a study of the nature and function of inflection 
in various languages. They found that one tribe of people signals 
complete thoughts by making clicking noises with the tongue, so they 
adapti'da variation of these conventions to solve the problem. 

Similarly, an elementary mathematics teacher described to me ^ 
problem she gave students that greatly enhanced their understanding 
of the conventions of long division. She explained that her students were 
quite good at performing long division using the standard method in 
which the divisor is placed next to the dividend on a horizontal plane: 



357) 9723 

As a problem-solving task, she asked students to devise a method of 
performing long division in which the divisor is placed on top of the 
dividend: 

357 
9723 

The teacher noted that while formulating their solutions to the proLlem, 
students carefully considered the importance of keeping track of place 
values. 

We saw earlier that experimental inquiry is not limited to science, 
and, likewise, problem solving is not limited to mathematics. Problem 
solving can help students explore issues in virtually any content area. 
Here is an example of a problem-solving task that might be used in a 
social studies class: 

You are the wagonmasterof a wagon train of pioneer families on its 
way from Ohio to California. Unfortunately, none of the wagons can 
go through water and your bridge- and raft-building capabilities on 
the trail are extremely limited. It is your job to find a new route for 
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the wagon train or a process that will eliminate taking the wagons 
through water. Your journey may take as long as you like, but you 
must consider the effects of the seasons. Trace your route on a map 
and describe the terrain you cross. How far will you go? How much 
longer is your route than an actual pioneer trail and how much 
longer would it take? 



Invention 

Invention is the process of creating something that fills an unmet 
need or desire. In effect, you are inventing when you attempt to answer 
such questions as "What would I like to create?" 'What is a new way?" 
'"What is a better way?" To explore how invention might be used in the 
classroom, let's look at Mr. Barlow's class. 



Mr. Barlow's Class 

Mr. Barlow's class has just come back from a trip to a local housing project 
(where some of the students live) as part of their unit on current issues in 
the community They have been studying how city funds are used to meet 
local needs. In their fie'd trip, students also visited the various city 
agencies that provide service to the housing project* During the discussion 
they have ba:k in the classroom, a couple of students say that although 
tenants have places they can go for health care and for food and clothing, 
they have nowhere to go for help with their day-to-day lives, no place 
where they can air their gripes and talk about the difficulties theyVe 
having. The students who live in the projects agree that domestic violence 
is high and that much of it is a result of tension within families. 

Mr. Barlow paraphrases what they are saying: "What you want to 
do, then, is create a new service. Is that it?" The students agree. "OK, what 
would it do? What would be its purpose?" Students begin calling out all 
the things that the new service would provide and Mr. Barlow writes their 
suggestions on the board. After a while, it becomes obvious that this 
project is going to take more than one class period. Mr. Barlow says, "Fll 
give you six days to work together over the next week and a half. Let's see 
if you can really do it — create an agency, that is. You can work individually, 
in pairs, in small groups, whatever you like, but you have to come up with 
a detailed plan for your new agency. Specify what it would do, how much 
it would cost to make it work, how it would work, and how you would know 
when it's successful. When weVe done, well take the plans to our city 
council." 
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Mr. Barlow's class was involved in invention, whereas Mr. Gross- 
man's class was involved in problem solving. What is the difference? 
Basically, both involve creating a product or a process. Mr. Grossman's 
class was developing something that would have the preservative prop- 
erties of salt but not use any of the basic elements. Mr. Barlow's class 
was developing a new service. In problem solving, however, the product 
or process is created under specific constraints or conditions. Thus, the 
emphasis is on overcoming a specific obstacle or constraint. You might 
say that Mr. Grossman's class had very few "degrees of freedom." 

In invention, there is usually no obstacle (although the inventor 
mif^ht encounter obstacles along the way); rather, the emphasis is on 
filling some perceived need by improving on something or creating 
something totally new. Because of this difference in emphasis, the 
process of invention is qualitatively different from that of problem 
solving. Rather than initially focusing on obstacles or constraints, the 
invention process initially focuses on the product. This involves setting 
specific standards that will be met. Once standards are set, the inventor, 
like the problem solver, must work within specifications. The inventor, 
though, is usually free to change the standards, whereas the problem 
solver is rarely free to change the constraints. 

Once standards or criteria are identified, the inventor's next step 
is to create a rough sketch or plan. For example, in Mr. Barlow's class 
students would have to outline how the new service would operate. A 
sketch or rough description created, the inventor then develops a first 
draft or working model. If Mr. Barlow's students were to complete the 
invention process, they would eventually create a working model of their 
new service— a pilot project, so to speak. This draft or working model 
then goes through successive revisions until the final product meets the 
criteria for success that were initially established. This is another major 
difference between problem solving and invention: the result of inven- 
tion is a product that has been extensively revised and polished, whereas 
the result of problem solving is simply the satisfaction of overcoming the 
constraints. 

Invention, then, involves the conception, development, and polish- 
ing of a product that meets a perceived need and specific standards 
established by the inventor. There are thousands of examples of inven- 
tion. The Wright brothers saw a need for manned flight and set out to 
meet that need. They established certain standards for their new inven- 
tion, the most important being that it would carry a full-grown adult 
over a significant distance. Within the invention process, they were free 
to change their standards— and by some accounts they did so several 
times. They also spent a long time refining their product. 
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Invention is one of the most open-ended and creative tasks that 
students can be involved in. It can be used in virtually every content 
area. Here is an example of an invention task that might be used in a 
home economics class: 

People in wheelchairs have many problems in houses designed for 
people who are able to maneuver, reach, and stand. Your task is to 
design a kitchen that is "wheelchair friendly," using any arrange- 
ment and materials you think are appropriate. You might want to 
think about redesigning the appliances, sinks, lighting, layout, 
access, and storage areas. Develop a detailed model of your kitchen 
and invite a person in a wheelchair (preferably an adult who cooks 
and cleans) to critique it and offer suggestions. Revise your design 
until it meets the standards of utility and elTiciency determined by 
the wheelchair-bound community. 

V/hat Makes These Tasks Meaningful? 

In this chapter I have asserted that decision making, investigation, 
experimental inquiry, problem solving, and invention are types of tasks 
that involve students in the meaningful use of knowledge. But what 
makes these tasks meaningful? In general, meaningful classroom tasks 
fall into three categories: application-oriented tasks, long-term tasks, 
and student-directed tasks. 

Application-Oriented Tasks 

All the tasks described in this chapter focus on the application of 
knowledge. Each can be conceptualized as answering specific types of 
questions. For example, decision making answers the question '"What is 
the best?" Definitional investigation answers questions like "Whrt are 
the defining characteristics?" These tasks require students to use their 
knowledge to accomplish specific goals or to apply their knowledge when 
answering specific questions. Their emphasis is not learning for learn- 
ing's sake, but learning as a by-product of trying to accomplish some- 
thing, of trying to answer questions that are common human concerns. 
This is always the most powerful kind of learning. 

Long-Term Tasks 

The length of the class period and the length of the course deter- 
mine the lower and upper limits of long-term tasks in the classroom. In 
the traditional fifty-minute class period, a long-term task should last at 
least three classes. It could, however, last as long as the course itself; a 
quarter, 8 semester, or a year, depending on the classroom setting. In 



ERIC 



142 124 



niMRSSIOV 4: tSING kno\vi.fd(;k mrvningfuij.v 



most classrooms, though, the most practical way to use long-term 
projects is to tie them to units of instruction. Many teachers break 
instruction into theme units that last from one to six weeks. Within a 
unit of instruction, then, a task could last up to six weeks. 

Unfortunately, the principle that classroom tasks should be long- 
term flies in the face of current practice. These learning tasks rarely 
take even one or two periods to finish; besides that, they are usually 
directed by the teacher and require little higher-order thinking (Doyle 
1983, Fisher and Hiebert 1988). The most common task is probably 
reading a selection from a textbook and then answering questions at the 
end of the selection or completing a textbook exercise. 

Student-Directed Tasks 

The characteristic that is most important if a task is to be called 
meaningful is the extent to which it is student directed. This means two 
things: (1) students have control over the construction of the tasks, and 
(2) students have control over the products generated from the task. 

At the very least, students should have control over the construc- 
tion of tasks: they should identify the questions they would like to 
answer about the topic they are studying. The teacher and students 
might first discuss issues that have come up in the unit, but students 
should then be able to identify questions relating to these issues and 
construct appropriate tasks. Of course, when an issue of particular 
importance surfaces, the teacher may still devise tasks for students. And 
when students are first introduced to the five types of tasks described 
in this chapter, they will no doubt need a great deal of guidance from 
the teacher. In general, though, students should have the freedom to 
create their own tasks and be encouraged to do so. 

Students should also have some control over the products gener- 
ated from the tasks. Generally, outcomes and products in school are 
limited to written and oral reports (Durst and Newell 1989). That is, 
students are commonly required to write an essay or make an oral report 
describing what they have learned. As useful as these methods of 
presentation are, they exclude other methods of presenting information. 
Video- or audiotaped reports, newscasts, graphic organizers accompa- 
nied by explanations, slide shows, dramatic presentations, demonstra- 
tions, debates, and panel discussions are all valid ways of reporting the 
results of the tasks described in this chapter. 

For instance, the students in Ms. Haas' class might have presented 
the results of their investigation of the mo.st important person of the 
1960s in a video or in a debate. And the students in Mr. Kendall's class 
might have presented the results of their investigation of the greenhouse 
effect in a newscast or dramatic presentation. 
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The products of meaningful-use tasks can be expanded even be- 
yond the list presented above if students are allowed and encouraged to 
develop artifacts along with their tasks. Artifacts are artistic or symbolic 
representations of affective experiences associated with a task. For 
example, in a decision-making task about which action would have been 
best for the United States to take in the conflict between Iraq and 
Kuwait, a student might develop a sketch to supplement her written 
report. The written report would be used to communicate the process 
used in the decision-making task and the conclusions drawn from it, 
while the artifact (the sketch) would be used to communicate a specific 
feeling associated with the learner's conclusions. In short, the learner 
woulduse the sketch to represent the emotion she had experienced while 
gathering information for the decision-making task. 

Introducing Meaningful-Use Tasks 

Because of the complexity of the meaningful-use tasks described 
in iLis chapter, students generally need to be taug'it the critical aspects 
of the processes underlying the tasks. It is in introducing the meaning- 
ful-use tasks that Beyer s (1988J five-step process for teaching a complex 
process makes sense: 

1. The teacher introduces the process by describing and demon- 
strating the steps of the process, explaining when the process should be 
used, and naming the process. 

2. Students experiment with the strategy using "neutral" content; 
that is, the teacher provides students with familiar and interesting 
content, allowing them to focus on the process without the interference 
of struggling with new or uninteresting content. 

3. Students think about what goes on in their minds as they use 
the process. This may be done in cooperative groups. 

4. As a result of their reflection or group discussion, students may 
make changes in the strategy. 

5. Finally, students try out the r-^dified process and again reflect 
on its use. 

If the processes underlying the meaningful-use tasks are not 
taught in this manner, then teachers should be prepared to guide 
students through the tasks or to provide them with highly structured 
tasks. Over time, then, tasks can shift to a more student-structured 
format. 
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Planning for the Meaningful Use of Knowledge 

Tb explore the decisions a teacher needs to make when planning 
for the meaningful use of knowledge, let's look at Ms. Conklin's planning 
for Dimension 4. We can assume that over the year Ms. Conklin has 
introduced students to the processes involved in decision making, inves- 
tigation, experimental inquiry, problem solving, and invention, so she is 
free to present a variety of options to sti\dents. 

Ms. Conklin's Planning for Dimension 4 

Ms. Conklin is confident of her students' ability to use knowledge mean- 
ingfully through decision making, investigation, experimental inquiry, 
problem solving, and invention, thus she has a wide range of activities she 
can use in the classroom. She thinks to herself, "What are some big or 
unresolved issues relating to weather and the information we'll go over in 
this unit? Are there important decisions to be made? Are there problems 
that are still unsolved?" She thinks through the questions the meaning- 
ful-use tasks address: "Is there an issue about who or what is the best?"" 
"Is there an issue about the defining characteristics of something or why 
something happened or what would happen if . . . ?" 

After a while, Ms. Conklin concludes that the issue of weather 
forecasting can be explored further; specifically, she thinks that forecast- 
ers could create a better way of warning people about tornadoes. And this 
issue naturally lends itself to an invention project. She knows her students 
could not possibly invent a warning system in a four-week unit, but they 
would probably enjoy trying. 

Ms. Conklin also identifies another issue: how weather affects 
peoples moods. She decides that she'll present students with an invention 
task and an experimental inquiry task as possible projects. For the 
invention task, shell simply provide some general guidance by giving 
students the following directions: 

One of the major needs in weather forecasting is being able to warn 
people about tornadoes as soon as possible. Study this situation and 
identify an area that is ready for a new invention. Describe what the 
invention would do and state the standards it should meet. If you 
can, create a rough outline or plan for how it would work. 
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For the experimental inquiry project, she sets up a slightly more 
structured task: 

Some people believe that weather and climate affect people's per- 
sonality or moods. 

1. Describe something you have noticed about the relati'. ship 
between weather or climate and personality or mood. Ex. lain 
what you think is happening. 

2. Make a prediction based on your explanation. 

3. Gather information to test your prediction. 

4. Describe the extent to which your information agrees with your 
prediction. 

5. Finally, decide what you learned from your stud/. What were you 
right about? What were you wrong about? What interesting 
insights did you have? 

Ms. Conklin also wants to make sure that she leaves room for 
students to create their own tasks. Shell encourage them to make up their 
own projects using the ones she presents as models. 

While putting the tasks together, Ms. Conklin thinks to herself, 
*These projects would take any one person a long while to finish.** She 
concludes that these projects should be accomplished in cooperative 
groups. Although shell allow students to do the projects independently, 
she'll encourage them to work cooperatively. She also thinks about the 
various ways students can report what they have learned. Again, she 
wants to leave open many possibilities. She decides that she will tell 
students they have four basic ways to report on their work: 

• A written report duplicated and distributed to the rest of the 
students 

• An oral report given to the entire class 

• A videotaped report 

• A newscast 

Each of these options will, she knows, require her guidance. For 
example, shell have to go over the format for a newscast and the compo- 
nents of a good videotaped report. She thinks it will be worth it, though, 
because her students will have the chance to express themselves in a 
personal way. 
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Ms. Conklin^s example illustrates five major decisions involved in 
planning for Dimension 4, the meaningful use of knowledge: 

!• What are the big issues? As in Dimension 3 (extending and 
refining knowledge), it is important that the content drive the selection 
of tasks in Dimension 4, A teacher should look for the big issues that 
naturally stand out in the content. Below are questions a teacher might 
think about to identify such issues: 

Decision Making 

• Is there an unresolved issue about who or what is the best? 

• Is there an unresolved issue about who or what has the most or 
least? 

Investigation 

• Is there an unresolved issue about the defining characteristics or 
defining features of something? (Definitional) 

• Is there an unresolved issue about how or why something oc- 
curred? (Historical) 

• Is there an unresolved issue about what would happen if. . . or 
what would have happened if ... ? (Projective) 

Experimental Inquiry 

• Is there an unexplained phenomenon (physical or psychological) 
for which students could generate explanations that can be tested? 

Problem Solving 

• Is there a situation or process that has some major constraint or 
limiting condition? 

• Is there a situation that could be better understood if constraints 
or limiting conditions were placed on it? 

Invention 

• Is there a situation that can or should be improved on? 

• Is there something that should be created? 

2, How many issues will be considered? On the one hand, the 
more issues considered, the more options students have for choosing 
projects. On the other hand, the more options presented, the more 
familiar students have to be with the various types of meaningful-use 
tasks. The meaningful-use tasks are complex enough that students 
usually n^ed a teacher*s guidance as they progress through them. 
Consequently, teachers often initially present only one type of task per 
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unit until students become familiar with all five types of tasks. Only 
then do units include multiple types of tasks. 

3. Who will structure the tasks? Ultimately, students should 
identify the issues they want to deal with in their projects and the 
specifics of those tasks. Again, teachers must usually first provide 
structured activities to help students become familiar with the five types 
of tasks. Gradually, the teacher can provide less-structured activities 
and perhaps simply supply ex. mples for students to model their own 
tasks on. Eventually, the teacher can encourage students to create their 
own tasks. 

4. Whattypes of products will students create? This is one of 
the most important decisions relating to Dimension 4. Again, the prin- 
ciple is to encourage a variety of options so that students have many 
opportunities to use their talents and explore their interests. As men- 
tioned previously* teachers typically offer students few options other 
than oral or wntten reports for reporting what they have learned. 
'Ifeachers should think about what other legitimate ways of communi- 
cating information would be useful in the unit (e.g., newscasts, simula- 
tions, nanel discussions). They should also reflect on the aesthetic 
expcrl • es that could be associated with the topic (e.g., poems, songs, 
murals). 

5. To what extent will students work in cooperative groups? 
Although cooperative learning is quite compatible with all the dimen- 
sions of learning, it is especially suited to the meaningful-use tasks of 
Dimension 4 because the tasks are complex and lend themselves to such 
aspects of cooperative learning as individual accountability, positive 
group interdependence, and gro'^p rewards and task specialization 
(Slavin 1983). These characterisvics are discussed in some depth in 
Chapter 7. 

❖ •> 

In summary it is within Dimension 4 that students are provided 
with explicit opportunities to apply knowledge in meaningful ways that 
allow them to explore personal interests and direct their own learning. 
They do this in complex tasks such as decision making, investigation, 
experimental inquiry, problem solving, and invention. Dimension 4 is 
the heart of the Dimensions of Learning model. Its effectiveness depends 
on the teacher's careful planning and orche^^tration and her willingnesb 
to turn over conti-ol of learning to students. 
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DIMENSION 5 
Productive Habits of Mind 

❖ 

We cannot learn (or teach) everything there is to know. Even if we 
could, we would probably quickly forget it, because human 
beings tend to forget information they don*t use (Wickelgren 1979). For 
example, during my tenure as a professor at a university, I taught 
graduate courses in techniques for reading diagnosis. Although it was a 
complex field, I felt I had a certain mastery of the content and even wrote 
a textbook on the subject. After not using that information for a decade, 
though, I was embarrassed recently when I could not answer a simple 
question on the topic. I had to look up the information in the textbook I 
had helped write. 

Acquiring content knowledge is very important, but perhaps it 
should not be the most important goal of the education process. Ulti- 
mately, it might be better to help students develop mental habits that 
will help them learn on their own whatever they need or want to knovv. 
lb explore this idea, let's consider Mr. NachtigaFs class. 

Mr. Nachtigal's Class 

When students in Mr. Nachtigars Advanced Placement calculus class talk 
to students from other classes, they find there are some significant 
differences between how Mr. Nachtigal runs his class and how other 
teachers run theirs. The most striking difference is that he doesn t empha- 
size getting the right answer as much as he emphasizes things like '^trying 
to be accurate in what you do" and "hanging in even when answers aren*t 

O 1- ^ ^) 

ERIC 131 ^ 



ADIKtKRKNTKlND()fCUSSR(K)M:TKACinN(;\MTH DIMKNSIONS OFI.F:aRNIN(; 
^ " 



immediately apparent." It's not that he doesn't care about students' 
getting the right answer. It's just that he thinks you can learn almost 
anything if you've learned to discipline your mind in certain ways. 

Mr. Nachtigal introduced this idea the first day of class by giving an 
unusual speech; **Let's get a few things straight. Your job in this class is 
to learn. My job is to teach— but not just calculus. My job is to teach you 
to be good learners, to teach you to be the best you can be,** He went on to 
tell a story about a friend named Dan King with whom he had graduated 
from college. When Dan was a junior in college, he said that someday he 
was going to get a Ph.D. in mathematics. His father was a mathematician 
at the university and he wanted to follow in his footstv;ps. Dan wasn't 
terrifically smart but he was very determined. His plans to go to graduate 
school were interrupted, however, by ti. var in Vietnam. Dan enlisted 
and ended up in the special forces. 1\vo weeks before he was to come home, 
a grenade exploded close ty. Dan was blinded. 

Mr Nachtigal saw Dan about a year after he got back to the United 
States. When he asked Dan what he was going to do, Dan's answer 
surprised him; "I'm going to get my Ph.D. in mathematics." Mr. Nachtigal 
didn't say anything, but his immediate reaction was that Dan was setting 
himself up for a great disappointment. "Math is such a visual subject," he 
thought. "There's noway he could do such abstract work with his disabil- 
ity" Four years later, with tears in his eyes, Mr. Nachtigal sat through a 
graduation ceremony and watched Dan receive his Ph.D. in mathematics. 

Wlien Mr. Nachtigal asked his students, "How do you think he did 
it?** one student yelled out, "GutsI" Mr. Nachtigal said, '^You're right, but 
it wasn't just that." What ensued was a fairly long discussion about how 
people accomplish things in the face of advei city. The class even identified 
some specific things Dan had probably done: 

• Made a plan 

• Used his resources 

• Changed what he was doing when things weren't working out 

• Hung in when the going got tough 

• Trusted his own ideas and abilities 

• Got people to help him 

When the list was completed, Mr. Nachtigal said, "This is what is 
in^portant to me. Not just calculus. This is what we re going to practice in 
here.** 
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Mr. NachtigaFs story about Dan King was meant to be inspiring to 
students. It is a true stor>'. Dan King was a friena of mine in graduate 
school. He was and is an inspiration to many people,butmore important, 
he dramatically illustrates the power of cultivating specific habits of 
mind. Dan did not succeed simply because he had a great desire to 
succeed. Certainly this was necessary to overcome the tremendous 
obstacles confronting him, but Dan was using what some people call 
"dispositions of mind" and what the Dimensions of Learning model 
refers to as "productive habits of mind." 

Self-Regulated Thinking and Learning 

If you page through a few of the popular "how-to-succeed" books, 
you 11 see that virtually all of them talk about developing good mental 
habits. For example, Stephen Corey's best-sellingbook The Seven Habits 
of Highly Effective People (1990) attributes success to seven specific 
mental habits. On the more academic side, theorists such as Flavell 
(1976, 1977)) and Brown (1978, 1980) ab.^rt that certain mental habits, 
such as those beiow, render one's thinking and actions more self-regu- 
lated: 

• Being aware of you/ own thinking 

• Planning 

• Being aware of necessary resources 

• Being sensitive to feedback 

• Evaluating the effectiveness of your actions 

Tb illustrate, a student might develop a specific plan for an upcom- 
ing classroom project. Part of this plan would include identifying neces- 
sary resources and establishing milestones. As the student executes the 
plan, he might occasionally note whether he is getting closer to or further 
away from his goal and then make corrections as needed. 

Critical lliinking an:l Learning 

According to Ennis (1985, 1987, 1989) and Paul and his colleagues 
(1986, 1989 ^ other mental habits make ones learning more critical in 
nature: 

• Being accurate and seeking accuracy 

• Being clear and seeking clarity 

• Being open-minded 

• Restraining impulsivity 

• Taking a position when the situation warrants it 
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• Being sensitive to others* feelings and level of knowledge 

Foi- example, a student might notice that she tends to make bold 
assertions about topics she's unfamiliar with; as a result, she might 
decide to begin trying to think about what evidence she has for her 
position before she speaks. Another student might consciously strive to 
communicate in a clear fashion, checking to see whether others have 
understood his communication. It is impv,.tant to note i:hat the mental 
habits listed above are not the only aspects of critical thinking. In fact, 
combining the lists of Paul and Ennis would produce a list of more than 
twenty mental habits of critical thinking. Additionally, they both list 
critical thinking "skills and abilities" that include virtually all of the 
extending and refining activities listed in Chapter 4 of this book. Critical 
thinking, then, involves a variety of components interacting in complex 
v^ays. At the apex of critical thinking, however, is the use of the mental 
habits described above. 

Creative Thinking and Learning 

A somewhat different set of dispositions characterizes creativity, 
another valued form of thinking. According to Amabile (1.983) and 
Perkins (1984, 1985, 1988), creative thinking involves the following 
mental habits: 

• Engaging intensely in tasks even when answers or solutions are 
not immediately apparent. 

• Pushing the limits of your knowledge and abihties. 

• Generating, trusting, and maintaining your own standards of 
evaluation. 

• Generating new ways of viewing a situation outside the bounda- 
ries of standard conventions. 

For instance, a student might notice that she tends to coast through 
projects, using as little energy as possible, lb correct this tendency, she 
might consciously "push" herself on a project, striving to do the very best 
she can. She might establish her own standards for a project, even if 
these vary from more commonly accepted standards She might also try 
to see things in ways that are not commonly accepted. 

Like critical thinking, creative thinking includes more than the 
mental habits listed here. Using an activity like abstracting to extend 
and refine knowledge is also a form of creative thinking. Again, though, 
at the core of creative thinking are the above mental habits. 

The mental habits ofself-regulation, critical thinking, andcreative 
thinking permeate virtually every academic task students undertake. 
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Being, or not being, self-regulated, critical, and creative affects how well 
students acquire and integrate knowledge. Being, or not being, self- 
regulated, critical, and creative affects how well students extend and 
refine knowledge. And it affects how well they make use of their 
knowledge. Tb this extent, the habits of mind are like attitudes and 
perceptions (Dimension 1): when they are negative or weak, they ham- 
per students' ability to learn; when they are positive or strong, they 
improve students' ability to learn. This is why Dimensions 1 and 5 are 
depicted as the backdrop for Dimensions 2, 3, and 4 in the Dimensions 
of Learning diagram in Figure 8.1. Without attention to Dimensions 1 
and 5, little effective learning occurs in Dimensions 2, 3, and 4. 

Helping Students Develop and 
Maintain Effective Hab^s of Mind 

The process of helping students develop effective habits of mind is 
qualitatively different from the processes of helping students develop 
any of the other dimensions of learning. Unlike positive attitudes and 
perceptions (Dimension 1), which can be reinforced in a fairly unobtru- 
bive manner by the teacher, the habits of mind must be overtly taught 
and reinforced. But they do not lend themselves to instruction in explicit 
strategies as do Dimensions 2, 3, and 4. Rather, the habits of mind must 
be introduced and then reinforced as they are exhibited. 

The habits of mind must be introduced to students because stu- 
dents rarely see these habits of mind being used in the world around 
them. Few people plan and manage resources well. Few people seek 
clarity or accuracy. Few people work at the edge, rather than the center, 
of their competence. In fact, it is rather remarkable how infrequently 
human beings use these mental habits. After describing some of the dire 
consequences of ignoring these mental habits, Gilovich (1991) says, "As 
mdividuals and as a society, we should be less accepting of superstition 
and sloppy thinking and should strive to develop those 'habits of mind' 
that promote a more accurate view of the world'* (p. 6). 

There are, however, somfi striking examples of the use of these 
mental habits that teachers can employ in the classroom. I have seen 
teachers use specific events from the lives of Gandhi, Abraham Lincoln, 
George Bush, and others to illustrate one or more of the mental habits. 
This is what Mr. Nachtigal was doing by relating the story of Dan King: 
providing students with a real-life example of some of the mental habits. 
In fact, using stories and literature is probably one of the most popular 
ways of demonstrating the habits of mind. As Bloome (1991) oxj lins, 
literature and stories are a society's way of passing on the important 
values of a culture. 
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I once observed a very powerful demonstration of how literature 
can be used to introduce some of the mental habits. The teacher was 
readmg The Island 4 the Blue Dolphins by Scott O'Dell to her 4th grade 
students. The book is about a young Indian girl nameu Karana who with 
her little brother is leR on an island off the coast of California when the 
tribe leaves to avoid a hostile rival tribe. Soon her brother is killed by a 
pack of wild dogs and Karan a must fend for herself for many years. While 
waiting to be rescued, she builds a house, makes weapons and utensils, 
finds and preserveb food, and eventually adopts the leader of the dog 
pack, who protects her in a variety of situations. As the teacher read the 
story, bhe would periodically sLop and ask students to identify the things 
they admired about Karana and thf things that made her successful 

By the time the teacher had finished the book, students had 
generated a list of nearly thirty characteristics. As I recall, virtually all 
of the habits of mind described in this chapter, or variations of them, 
had been identified. Karana had made plans, she had been aware of 
resources, she had set her own standards, and so on. The teacher then 
highlighted the habits of mind that were to be the focus for the year 
Although this lesson had taken some time and energy, it was a very 
powerful way of introducing specific habits of mind. 

Once students have a basic awareness of the mental habits, the 
teacher can ask them to find examples among people they know For 
example, in a 7th grade classroom in which the teacher had asked 
students to find examples of people using the mental habit of "hanging 
in there when answers and solutions aren't apparent," one student 
returned the next day with a story about how her brother had used that 
mental habit while trying to make the football team. Another girl told 
about how her father tried for more than two years to invent a new type 
of battery persevering until he finally succeeded. 

Another important aspect of introducing students to the habits of 
mind is asking them to identify specific situations in which each might 
be useful. Students from a variety of grade levels generated the list of 
situations in Figure 6.2. 

Reinforcement is important too. 'Ibachers should reinforce positive 
instances of the mental habits. For example, a teacher might notice that 
a student has paid particular attention to the resources necessary to 
complete a task, and say to her, "Amina, you're doing a great job of 
collecting all the material you need before you begin working," thus 
reinforcing the self-regulatory habit of managing resources. Or a teacher 
might notice and acknowledge that a student was trying to be particu- 
larly accurate: "Bill, I noticed that you looked up the farts in the 
encyclopedia. Good. That's a great way of making sure you're accurate," 
reinforcing the critical-thinking habit of seeking accuracy 
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Students* Suggestions of Situations When the Habits 
of Mind Might Be Useful 

Self-Regulation 

• Being aware of your own thinking: 

- When you're not doing well on a task, being aware of your own 
thinking can help you figure out what you're doing wrong. 

• Planning: 

- Any time you have to do sc jlhing that takes a long time and is 
fairly complex-like completing assignments that ♦ ' e two weeks or 
even a semester. 

• Being aware of necessary resources: 

- Any time you want to make or do something that requires 
resources. Not having the resources might put limits on what you 
can do. 

• Being sensitive to feedback: 

- When you are doing something that is repetitious (e.g., doing a 
very long arithmetic problem), being sensitive to feedback helps 
piovenl careless mistakes. 

• Evaluating the effectiveness of your actions: 

When you are doing something new or something you are not 
very good at, evaluating your actions helps you learn from your 
mistakes. 

Critical Thinking 

• Being accurate and seeking accuracy: 

- Wheneve*- you are doing mathematical calculations. 
Whenever you are doing anything that requires precision. 

• Being clear and seeking clarity: 

- Whenever someone is trying to persuade you of something. 

- Whenever you are trying to explain something to someone. 

- Whenever you are not sure of what you are saying or ^^vriling. 



(continued) 
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FIGURE 6.2 

Students' Suggestions of Situations When the Habits 
of Mind Might Be Useful 

(continued) 

Being open-minded: 

- Whenever you find yourself imnnediately rejecting an idea. 

Resisting impulsivity: 

Whenever you find yourself respoYidinjj to a questio^^ 
immediately without much thinking prior to your response. 

Taking and defending a position: 

- Whenever you are fairly confident about a specific position 
and it has not been expressed by someone else. 

• Being sensitive to others: 

- Whenever you are dealing with a "touchy" topic that others 
might feel strongly about. 

Creative Thinking 

• Engaging intensely in tasks even when answers or solutions 
are not immediately apparent: 

- Whenever you continue to fail at something that's important 
to you. 

• Pushing the limits of your knowledge and ability. 

- Whenever you find yourself falling into a routine way of doing 
things. 

• Generating, trusting, and maintaining your ov/n standards of 
evaluation: 

- Whenever you are doing something primarily to please 
yourself. 

• Generating new ways of viewing situations outside the 
boundaries of standard convention: 

- Whenever you are stuck on a particularly diffic^* voblem. 

- Whenever it is important to consider a variety of options. 
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For a more formal level of reinforcement, the teacher might use 
process observers, particularly with meaningful- use tasks (Dimension 
4) that are performed in cooperative groups. In this case, one student in 
each group would be appointed to observe students' use of a specific 
mental habit. At the end of a class period, the process observer would 
report on what he observed. For example, he might S£y, "I saw Bill really 
trying even though he couldn't figure out the answer." 

The Role of Personal Goals 

Many of the habits of mind, especially those that relate to self-regu- 
lation, can be reinforced quite powerfully as students strive to achieve 
personal goals. The work in motivation by researchers and theorists like 
Schunk(1985, 1990) indicates that people are most motivated when they 
are pursuing personal goals, and it is when they are motivated that they 
ai-e most likely to use productive habits of mind. In other words, it is 
when we are trying to accomplish a personal goal that we are most likely 
to have a need to plan, manage resources, seek accuracy, work at the 
edge rather than the center of our competence, and so on. 

One of my favorite ways of illustrating this point is to relate a story 
about my son, Tbdd. Although not a terribly poor student in high school, 
Tbdd was certainly not at the top of his class. He took as few academic 
courses as possible, and his 3.00 GPA was essentially the result of As in 
metal shop and phys ed and C's in mathematics and science. In the 
middle of his junior year, he announced that he was not going to go to 
college. His logic was that he was not academically oriented (which was 
true), did not like school (also true), and was talented in auto mechanics 
(true again). Being the second son of Italian immigrants who stressed 
education as the way to a better life, I was extremely upset. Of course, 
I gave many unsolicited speeches about the importance of going to 
college and the probable effect that not going would have on his life. 

At some point during this traumatic period, Tbdd went to see Tbp 
Gun, a movie about a modern-day navy aviator. Immediately after 
seeing the movie, he announced that he wanted to be a fighter pilot. This 
discouraged me because I believed my son was setting unrealistic goals. 
A happy turn of events (from my perspective) occurred when my son 
announced that he was going to college, because "you have to have a 
college degree to be a fighter pilot." I thought that if I could get him into 
college under any pretense he would soon abandon the foolishness of 
trying to be a fighter pilot, given the academic rigors involved. Since 
Tbdd had not distinguished himself in science and mathematics in high 
school, how could he possibly master the advanced mathematics and 
science he*d need to be a fighter pilot? 
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lb my utter amazement, Tbdd attacked the science and mathemat- 
ics courses in college with a fervor I had previously not witnessed in him. 
He made detailed plans about how to transfer from an open-enrollment 
community college (the only one he could get into) to one of the best 
engineering schools in the countiy. He managed his time and money at 
a level of detail that bordered on obsession. He strove for accuracy in all 
his academic classes and surely v^orked at the edge rather than the 
center of his competence every day. As I write this book, I can proudly 
report that Tbdd is about to graduate magna cum laude with a degree 
in aerospace engineering from the third best engineering school in the 
country Recently, he was inducted into a prestigious engineering frater- 
nity. And along the way he obtained his private pilot's license, receiving 
a score of 100 on the examination given by the Federal Aviation Admini- 
stration (the first time in fifteen years anyone from our region received 
such a high score). Finally (and most important to Todd), he was one of 
only two candidates from the state accepted into the Aviator's Officer 
Candidate School of the United States Navy which is the navy's first 
and biggest step to becoming a fighter pilot. 

In short, when Tbdd identified and began actively pursuing a goal 
that truly excited him, he cultivated mental habits he had previously 
ignored. In retrospect, this makes perfect sense to me. The habits of 
mind described in this chapter all push against natural human tenden- 
cies. The vast majority of people commonly do not like to plan, manage 
resources, or attend to feedback becauseof the time and energy involved, 
We usually do not avoid impulsivity or seek accuracy and clarity because 
not doing so is easy For similar reasons, we usually do not work at the 
edge rather than tlie center of our competence, persevere even when 
answers or solutions are not readily available, and so on. But we do use 
these mental habits (which I tend to think of as being at the apex of 
human thought) when we are striving for something we truly desire. 

The implication of this principle is that students should be encour- 
aged to set personal goals— goals that really "turn them on," as aviation 
did Tbdd— and then supported in their efforts to accomplish those goals 
For example, at the beginning of the school year, students might be 
asked to identify what they would like to accomplish that year or that 
semester. Again, the key is to have students identify goals that truly 
excite them. A teacher, counselor, or some other trusted adult would 
meet with each student regularly to offer feedback, guidance, and 
support. This scenario may sound unrealistic, but it is not. It is precisely 
what takes place at Pioneer Elementary School in Colorado Springs, 
Colorado, under the direction of Principal Suzanne Lochran. At the 
beginning of each year, students identify specific academic and personal 
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goals they would like to accomplish, and then they periodically receive 
feedback, guidance, and support from advisors in the school. 

Personal goals are one of the most powerful human motivators. 
They ar6 the source of a basic life energy To ignore them within formal 
education is to ignore a potential tool for teaching productive habits of 
mind that will serve learners in all kinds of situations throughout life. 

The Role of Structured Academic Problems 

Another powerful tool for reinforcing many of the habits of mind, 
especially those dealing A^ith critical and creative thinking, is academic 
problems. Academic problems are defined here as the well-structured 
types of problems students commonly encounter in mathematics, sci- 
ence, and logic. They also include the types of problems referred to as 
brainteasers, which have been made popular by Martin Gardner (1978, 
1982). Below are two problems that would be considered academic 
problems in the Dimensions of Learning model. (The answers to these 
problems are at the end of this chapter on p. 152.) 

Problem #7 

Bob says to Jana, "I gave away half of my rock collection and half of 
a rock to Louie. Then I gave half of what was left and half a rock 
more to Joe. I was left with one rock. How many rocks did I start 
with?" 

Problem #2 

Ian starts up the mountain trail at 7:00 a.m. on Monday. He keeps 
walking at a steady pace and arrives at the top that night. He stays 
the night and starts back down the next morning at 7:00 a.m. This 
time he walks down the same trail at different speeds, sometimes 
walking very quickly other times very slowly. He even stops to look 
at the scenery. He arrives back where he started at 3:00 p.m. on 
Tuesday. That night Ian runs into Devon, who tells him, '*You knoA^ 
Ian, coming down the mountain you passed a spot at exactly the 
same time you passed it going up the mountain." ian says» "No way! 
Comingdown the mountain I walked at different speeds." But Devon 
was right. Explain why 

Academic problems like these have at least three characteristics 
that make them useful tools for reinforcing the habits of mind related 
to critical and creative thinking: 

1. They are inherently engaging. One characteristic of aca- 
demic problems is that they tend to "hook'* people. Did you find yourself 
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somewhat compelled to solve the sample problems after reading them? 
Did you turn to the end of the chapter to check the answers before 
continuing your reading? The human mind has a low tolerance for 
unanswered questions. Psychologists explain this phenomenon in terms 
of "closure." The concept of closure was used by Ebbinghaus as far back 
as 1897 to explain why human beings naturally fill in missing informa- 
tion. In 1953 Taylor used this principle to develop a "cloze test" to 
measure the readability of passages. Later, John Bormuth( 1963) popu- 
larized the process in the field of reading diagnosis. The "cloze" test used 
in readingpresents students with passages from which words have been 
systematically deleted. As students read these passages, the natural 
cognitive tendency to make sense of incomplete information quite liter- 
ally compels them to fill in missing words, lb illustrate, read the 
following sentence: 

He went to the and bought a loaf of . 

It is difficult, if not impossible, to read this sentence without 
mentally filling in the words store and bread, respectively Our cognitive 
system is designed to make sense of incomplete information. The same 
system drives us to solve problems like those above, which are incom- 
plete in that they are, at least on the surface, missing a plausible 
explanation. How can you give away half a rock? Why do you have to 
pass at least one spot on the way down the hill at the same time that 
you passed it on the way up? Because academic questions are cognitively 
incomplete, then, they are naturally motivating. Even students who say 
they don*t like to solve them are usually compelled to at least tiy. For 
this reason, such problems are inherently engaging. 

2. They are easily placed in the curriculum. Hunter (1976) 
has popularized the notion of "sponge activities," or "learning opportu- 
nities which sop up those precious moments of waiting time which 
otherwise would be lost" (Hunter 1976, p. 76). She says that ''.ponge 
activities are to be used "whenever there is an unavoidable waiting 
period before a planned activity can start, or when students finish an 
assignment and have some time left over." I have seen teachers in grades 
K-12 use problems like the ones above to this end. For example, one 
middle school social studies teacher had a ready store of academic 
problems. Each day, the teacher would duplicate several of these prob- 
lems. As students completed assignments or waited for class to begin, 
they would try to solve the two or three "problems of the day." Students 
usually approached the activity with enthusiasm, and as students were 
trying to solve the problems, the teacher would reinforce such disposi- 
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tions as seeking accuracy and persevering even when answers and 
solutions are not immediately apparent. 

Teachers can also use academic problems as "interactive bulletin 
boards." Suzanne Lochran, the principal at Pioneer Elementary School 
who has all of her students set academic and personal goals at the 
beginning of the year, also has large bulletin boards in the school 
hallways covered with problems like those in Figure 6.3. Different 
corridors throughout the school are dedicated to different types of 
problems, and problem types are changed on a regular basis. Each board 
has a pocket containing answers to the problems. As students pass 
through the hallways, they are encouraged to solve the various typjs of 
problems and ihen check their answers. 

Using academic problems as sponge activities to promote reasoning 
is in keeping with the new standards of the National Council for the 
Tfeaching of Mathematics (NCTM). Specifically, NCTM 11989) has rec- 
ommended that problem solving be used as a regular clabsrut.Ti activity 
to enhance students' reasoning ability and understanding of basic 
mathematical concepts. I would go even further and suggest that aca- 
demic problem solving should permeate the school day in K'12 class- 
rooms. 

3. They are cognitively challenging. Rowq (1985) and others 
have shown that academic problem solving is one of the most complex 
of cognitive actions. Even the simplest of problems necessitates the use 
of such strategies as generating and testing hypotheses, trial and error, 
working backward, and considering alternative hypotheses. Given its 
complexity, academic problem solving demands the use of one or more 
of the mental habits of critical and creative thinking. I frequently use 
the following problem to illustrate that an academic problem can chal- 
lenge all levels of intellectual ability. Unless you have heard it before, 
the problem will take you a few minutes to solve. Even if you read the 
answer at the back of the chapter, you'll still need to take some time to 
figure out the logic behind it. In short, this problem will challenge you 
intellectually and probably require your use of the mental habit of 
persevering even when answers and solutions are not immediately 
apparent. Take a few minutes to solve the problem before reading 
furthei". 

Problem #3 

Three men were in prison. One was blind, anoth^^r could see out of 
only one eye, and the third could see out of both eyes. The jailer told 
the three that he liad five hats— three white and two red. He put a 
hat on each of the prisoners without allowing them to see the color 
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FIGURE 6.3 

Academic Problems from an Interactive Bulletin Board 
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of their own hat. The jailer hid the remaining two hats so the 
prisoners could not see what color they were. Ths jailer then said, 
"If you can {juess the color of your hat I will let you go free." He then 
asked the man who could see out of both eyes, "What color hat do 
you have on?" After looking at the hats of the other two prisoners, 
the man with sight in both eyes said: "I don't know." The jailer then 
turned to the man with one eye (who had heard the response of the 
man with both eyes) and said, "What color hat do you have on?" The 
man with one eye looked at the hats on the other two prisoners but 
still had to say: "I don't know." The jailer then turned to the blind 
man (who had heard the responses of the other two prisoners) and 
said, "Surely you can't tell what color hat you have, you are blind." 
The blind prisoner said, "Of course, I can. My hat has to be white." 
He was right. How did he know that his hat had to be white? 

One of the reasons problems like this one tax us intellectually is 
that they require us to consider and test a number of possible '^mental 
models." In fact, Johnson-Laird (1975, 1983, 1985) has dramatically 
illustrated that the difficulty of a problem is directly proportional to the 
number of mental models that must be considered to solve it. And 
problems that require the construction of unusual models are even more 
difficult because they force us to venture outside our standard schen a . 
Academic problems not only tax our short-term memory capacity but 
also require us to invent unusual cognitive structures. 

In summary, academic problems are highly engaging activities that 
fit easily into the curriculum and are challenging enough to elicit the 
mental habits of effective learning. For years theorists such as Polya 
(1957), Wickelgren(1975), Whimby and Lochhead (1985), andBransford 
and Steinil984) have tried to demonstrate the flexibility and utility of 
academic problems. The more recent work of Feuerstein and his col- 
leagues (1980) and Pogrow (1991) has illustrated their powerful effect 
on academic learning. 

The Role of Socratic Dialogue and Debate 

Socratic dialogue and debate are tools for reinforcing the disposi- 
tions of critical and creative thinking. In fact, Vosniadou and Brewer 
(1987) assert that they are the primary tools for enhancing a person's 
critical and creative abilities. Although many teachers use the term 
"Socratic dialogue," there is some confusion regarding its form and 
function. Paul (1990) has probably provided the most guidance for using 
it in the classroom. He says that a teacher can facilitate Socratic dialogue 
by asking five types of questions as students discuss specific topics: 
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• Questions of clarification: For example, "\v^hat do you mean by 
. . ? Could you give me an example?" 

• Questions that probe assumptions: For example, "What are you 
assuming? What is underlying what you say?" 

• Questions that probe reasons and evidence: For example, "How 
do you know? What are your reasons for saying that?" 

• Questions about viewpoints on perspectives: For example, *What 
might someone say who believed that ... ? What is an alternative?" 

• Quesaons that probe implications and consequences: For exam- 
ple, "What are you implying by that? Because of that what might 
happen?" 

Ideally, of course, students should learn to ask these questions 
themselves as tliey participate in discussions. Ifeacherscan help them 
learn to do so by providing guided practice in the form of organized 
activities: 

• Conduct an initial exploratory discussion about a complex issue 
and help students break the issue into simpler parts. Students can then 
choose the aspects they want to explore and focus their discussion on 
these more specific aspects of the issue. 

• Set up a "fishbowl*' discussion. One-third of the class sits in a 
circle and discusses a topic. The rest of the class, in a circle around the 
others, listens an * ikes notes, then discusses the discussion. 

Debate is closely related to Socratic dialogue. Here students pre- 
pare and defend an argument for one side of an issue. I once listened to 
junior high students debate the ban of fur sales, artfully using Socratic 
questions to argue their cases. I was impressed by their level of exper- 
tise. Apparently, such skills are common in Greensboro, North Carolina, 
v^here the local school district has systematically implemented Richard 
Paul's theories (Williamson 1990). 

Don't Underestimate Primary Students 

At times, when presented with the notion of teaching and reinforc- 
ing productive habits of mind, some primary teachers have asserted that 
such habits are too abstract for primary students to grasp. Unfortu- 
nately, this is a common misconception. All students, even those in the 
primary grades, can and do use the mental habits of self- regulation, 
critical thinking, and creative thinking. Several studies hb /e shown that 
young children function at a uch higher level than previously thought, 
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as long as the content they are dealing with is famiMar to them lin Yussen 
1985). 

Debra Pickering, one of the co-authors of the Dimensions of Learn- 
ing program, told me a story about a 1st grade class in which the teacher 
was reinforcing the mental habits of restraining impulsivity and being 
open-minded. Students were asked to identify explicit examples in their 
own lives and in others'. At first, the teacher wondered if students really 
understood the concept. Her answer came when students were asked to 
say good-bye to the student teacher. One student presented the student 
teacher with the "Happy-Gram" in Figure 6.4. 



FIGURE 6.4 
A Happy-Gram 
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In case you cannot decipher the student s handwriting and spelling, 
his message reads: "Mrs. McD, she's done a great job teaching and 
restraining impulsivity and being open minded. Great job!** When asked 
to explain what he meant by his remai'ks, the student was able to 
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identify specific examples of how the student teacher had restrained 
impulsivity and remained open-minded. As this example shows, even 
young students can understand the mental habits of self-regulation, 
critical thinking, and creative thinking. It would be a serious mistake 
to delay teaching and reinforcing the habits of mind because of a 
misconception about the abilities and interests of younp students 

Planning for Uses of the Habits of Mind 

As with the other four dimensions, the habits of mind require 
planning and overt attention if students are to value, learn, and practice 
them, lb explore this idea, let's consider Ms. Conklin's planning for 
Dimension 5. 

Ms. Conklin's Planning for Dimension 5 

Throughout her career, Ms. Conklin has assumed that she has been 
remforcing positive habits of mind. Only recently has she begun to overtly 
teach them. Her motivation for planning in a more overt manner increased 
when she tized that she could not remember the last time she did 
anything specifically to reinforce a productive habit of mind. She thought 
to herself, "TheyVe just like attitudes and perceptions. I think I do things 
to reinforce them, but Tm not really sure 1 actually do.*" 

Since then, she has planned to reinforce a few of the habits of mind 
during each un;t. In the last unit, she emphasized planning and seeking 
accuracy. In this unit» she decides to emphasize three mental haliits- one 
creative-thinking habit and two self-regulatory habits: 

• Engaging intensely in tasks even when answers and solutions are 
not immediately apparent (creative). 

• Becoming aware of your own thinking (self-regulatory). 

• Using resources (self-regulatory). 

She decides that she will introduce the critical-thinking habit by 
telling students the story of how she took seven years to get her master*s 
degree, transferring to two universities and, at times, feeling that she 
would never finish. She concludes that she will not introduce the self repu- 
latory mental habits because she and the students have discussed them 
before. 

Tb reinforce the creative-thinking habit, she decides to use problem 
solving as a sponge activity. Each day shell select a few problems and use 
them when class slows down» when students* energy starts to wane. She 
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will foster the mental habit of using available resources by reminding 
students about its importance as they work on their projects. She will also 
ask students a few "probing" questions so that they can reflect on their 
use of all the mental habits being emphasized in the unit. As she makes 
these decisions, she records them in a planning guide (see Figure 6.5). 

Ms. Conklin*s planning illustrates three basic decisions: 

1. Which mental habits will be emphasized? It would be 
impractical to focus on all fifteen of the mental habits listed in this 
chapter in a single unit of instruction. A teacher can legitimately 
emphasize only one or two in any one- to six-week period of time. In her 
unit, I*Is. Conklin focuses on three mental habits. The ideal, though, is 
that over time students will be exposed to all the mental habits in direct 
and indirectways. When presenting this notion to teachers, I commonly 
ask, "What would education be like if the productive habits of mind were 
reinforced to some extent in every unit of instruction?** Although the 
answer to this question is pure conjecture, we can suggest some inter- 
esting possibilities. For instance, perhaps these fifteen mental habits 
are the "core curriculum" that ties all subjects together, the one set of 
skills that do transfer to almost all harning situations. 

2. Which mental habits will be introduced? As I noted earlier 
in this chapter, given their lack of emphasis in our society, many of the 
mental habits must be introduced to students so that their nature and 
importance are clear. This, of course, takes time away from content 
coverage. Once introduced, however, the mental habits can be easily 
integrated into a unit of instruction. Ms. Conklin decided that only the 
creative-thinking habit would require introduction. The two self-regu- 
latory habits had already been discussed at an earlier date. 

3. How will the mental habits be reinforced? Introducing a 
mental habit without reinforcing it does little to help students internal- 
ize it ard make it part of their regular behavior. Consequently, from the 
Dimensions of Learning perspective, activities that reinforce selected 
habits of mind should be as common as activities that deal with content. 
The activities Ms. Conklin selected will certainly take some time—but 
not an excessive amount. In any cases, then, the habits of mind can 
easily be part of regular classroom instruction without sacrificing con- 
tent. Indeed, teachers who systematically teach and reinforce the pro- 
ductive habits of mind report that it is well worth the effort because, 
once learned, the habits are powerful tools for increasing * ^e effective- 
ness of students* learning. 
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FIGURE 6.5 
Unit Planning Guide for 
Dimension 5: Productive Habits of Mind 



What I will do to help students engage in: 
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Self-Regulated 
Thinking: 

Help students become 

aware of their own thinking 
Encourage students to plan 

Encourage students to use 

resources 
Encourage students to be 

sensitive to feedback 
Encourage students to evaluate 

their actions 



Activities: ^ . 

-I \AjUl include 2. pr6b€3 
of -^^■<^\^:»nq: . , , 



Critical 
Thinking: 

Encourage students to be 
accurate and seek accuracy 

Encourage students to be clear 

and seek clarity 

Encourage students to be open- 
minded 

— Encourage students to restrain 
impulsivity 

— Encourage students to take a po- 
sition and defend it when the 
situation warrants it 

— Encourage students to be 
sensitive to others 

Activities: . , ^ . ^ 

-hxsVC \A)Wen iV dif^icutt- 



Creative 
Thinking: 

. _ Encourage students to engage 
intensely in tasks even when 
answers/solutions are not 
Immediately apparent 

Encourage students to push the 

limits of their knowledge and 
abilities 

— Encourage students to generate 
and maintain their own standards 

— Encourage students to generate 
new ways of viewing things 



Activities: 



h;9 



BEST COPY mBlE 



J TO 



A DIFFERENT KIND OF CLASSROOM: TEACHING WITH DIMENSIONS OF LEARNING 

A. 
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In summaiy, the productive habits of mind emphasized in Dimen- 
sion 5 are similar to the positive attitudes and perceptions highlighted 
in Dimension 1: they permeate everything that occurs in the classroom. 
When students use productive habits of mind, they enhance their 
learning; when they don't, they impede their learning. 



Answers to Problems 

Problem #1 Bob started with 7 rocks. He gave Louise half of the collection 131 2 J plus half 
a rock. That means he gave Louie 4 and had 3 left. Of the remaining three, he gave Joe 
half of the collection (IV2) plus half a rock. Thus he gave 2 away and had one left. 

Problem #2 Given that Ian started and ended at the same time on both days, he had to be 
at the same spot at the same time once on both days, even though he was traveling at 
different rates. The best way to prove this to yourself is to imagine Ian as two people. One 
starts up the mountain at 7.00 a.m. and the other starts down the mountain at the same 
time. If they both reach their destination at 3.00 p.m., they will have to cross at some point 
on the path even though they traveled at different rates. 

Problem #3 Given that the man with two good eyes and the man with one good eye could 
not figure out the color of their hats, the blind man had to be wearing a white hat for the 
following reasons. Because the man with two good eyes couldn't figure out the color of his 
hat, he must have seen a white and a white or a white and a red (if he had seen two red 
hats he would have known the color of his hatj. Hearing the answer of the man with two 
good eyes, the man with one good eye must have seen a white hat on the blind man. If he 
had seen a red hat on the blind man he could have concluded that his hat had to be white 
because he would have known that the man with two good eyes also saw the red hat on 
the blind man. The reasoning of the man with one good eye would have been. "If the man 
with two good eyes saw a red hat on the blind man like I am seeing and couldn't figure out 
the color of his hat, then he must have seen a white hat on me." Thus, if the blind man had 
a red hat on, at least the man with one good eye Ithe second prisoner to guessJ would have 
been able to figure out the color of his hat Consequentb', the blind man must have had a 
ivhitehat because that is the only wa> one of the first two prisoners could not have figured 
out the color of his own hat. 
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AS the previous chapters have illustrated, each of the five dimen- 
sions requires teachers to make important decisions. But how do 
teachers structure these decisions so they work together in an integrated 
way? And how do teachers relate the dimensions to other innovations 
and issues in education, such as cooperative learning, writing across the 
curriculum, and assessment? In short, how do teachers use the dimen- 
sions to organize instruction? 

At a very basic level, planning a unit using the Dimensions of 
Learning framework is a matter of asking five sets of questions, each of 
v/hich has already been discussed in the previous chapters. These 
questions are summarized in Figure 7.1. It is important to realize that 
ths order in which these questions are presented does not necessarily 
represent the order in which teachers attend to them when planning a 
unit of instruction. In fact, during the development of the Dimensions 
of Learxiing framework, the developers found that teachers familiar with 
the framework use one of three basic planning models. 

The Dimensions Planning Models 

Tlie three Dimensions planning mode) have in common one pri- 
mary characteristic— namely, the manner in which Dimensions 1 and 5 
are considered. Most teachers using the Dimensions of Learning frame- 
work tend to deal with Dimension 1 (positive attitudes and perceptions 
about learning) and Dimension 5 (productive habits of mind) as •^back- 
ground considerations" that to some extent are independent of content 
(i.e., Dimensions 2, 3, and 4). In other words, positive attitudes and 
perceptions and productive habits of mind are learning goals in any unit 



FIGURE 7.1 
Questions to Answer When Planning a Unit 



Dimension 1 

1 . What will be done to help students develop positive attitudes 
and perceptions about the learning climate? 

a. What will be done to help students feel accepted by the 
teacher and their peers? 

b. What will be done to help students perceive the classroom 
as a comfortable and orderly place? 

2, What will be done to help students develop positive attitudes 
and perceptions about classroom tasks? 

a. What will be done to help students perceive classroom tasks 
as valuable? 

b. What will be done to help students believe they can perform 
classroom tasks? 

c. What will be done to help students understand and be clear 
about classroom tasks? 

Dimension 2 

Declarative Knowledge: 

1. What are the general topics? 

2. What are the specifics? 

3. How will students experience the information? 

4. How will students be aided in constructing meaning? 

5. How will students be aided in organizing the information? 

6. How will students be aided in storing the information? 

Procedural Knowledge: 

1. What skills and processes do students really need to 
master? 

2. How will students be aided in constructing models? 

3. How will students be aided in shaping the skill or process? 

4. How will students be aided in internalizing the skill or 
process? 

(continued) 
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FIGURE 7.1 
Questions to Answer When Planning a Unit 

(continued) 



Dimension 3 

1 . What information will be extended and refined? 

2. What activities will be used to help students extend and 
refine knowledge? 

Dimension 4 

1 . What are the big issues? 

2. How many issues will be considered? 

3. Who will structure the tasks? 

4. What types of products will students create? 

5. To what extent will students work in cooperative groups? 

Dimension 5 

1 . Which mental habits will be emphasized? 

2. Which mental habits will be introduced? 

3. How will the mental habits be reinforced? 

of instruction in any content area at any grade level. They are the 
environment in which content instruction occurs, and thus, teachers 
usually make decisions about these two dimensions after they have 
planned for Dimensions 2, 3, and 4. In short, these two dimensions are 
viewed as a set, and decisions about them are complementary to, but 
separate from, decisions about content. It is the manner in which 
teachers make decisions about Dimensions 2, 3, and 4 that distinguishes 
the three planning models. 

Model 1: Focus on Knowledge 

When using Model 1, the teacher focuses on Dimension 2, acquiring 
and integraiing declarative and procedural knowledge. This means that 
specific concepts, principles, and skills are the focus of the unit. Every- 
thing that happens in the classroom "serves" these learning goals. Thus, 
the teacher selects extending and refining activities (Dimension 3) and 
meaningful-use tasks (Dimension 4) that will reinforce and deepen 
students' understanding of the declarative and procedural knowledge 
identified as the focus of the ^ it. The planning sequence for this model 
might be depicted as follows: 
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Step #i 

Identify the declarative and procedural knowledge (Dimension 
2) that will be the focus of the unit. 

1 ■ 

V 



Step n2 

Select extending and refining activities that will reinforce and 
deepen students* understanding of the declarative and 
procedural knowledge identified in Step #1. 



I 



Step #5 

Select a meaningful-use task (Dimension 4) that will reinforce 
and deepen students' understanding of the declarative and 
procedural knowledge identified in Step #1. 



Model 1 has these general characteristics: 

• Concepts and principles (as opposed to discrete facts) tend to be 
the focus of a unit. Less frequently, a skill or content area procedure is 
the focus and, v^hen it is, selected declarative knowledge is also featured. 

• Extending and refining activities (Dimension 3) are usually em- 
phasized more than meaningful-use tasks (Dimension 4). 

• Usually, only one meaningful-use task is used in the unit and the 
teacher makes sure that students know the task is essential to helping 
them understand the knowledge identified in Step #1. 

Model 2: Focus on Issues 

When using this model, teachers focus on Dimension 4, the mean- 
ingful u?e of knowledge. Specifically, teachers identify an issue related 
to the general theme of the unit and decide what kind of meaningful-use 
task might be associated with the issue. For example, if there is an issue 
about how or why something happened, then historical investigation 
becomes the focus of the unit. If there is a phenomenon to be studied, 
then experimental inquiry becomes the focus, and so on. Once the issue 
and its related meaningful-use task are identified, the declarative and 
procedural loiowledge (Dimension 2) and any extending and refining 
activities (Dimension 3) needed to complete the task are identified. Work 
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in Dimensions 2 and 3 supports the meaningful-use task that has been 
selected. The decision-making process for Model 2 might be represented 
in this way: 



Step #i 

Identify an important issue and its related meaningful-use task 
(Dimension 4). 

\ 

Step #2 

Identify the declarative and procedural knowledge (Dimension 
2) needed to complete the meaningful-use task. 

i 

Step #3 

Identify the extending and refining activities (Dimension 3) 
needed to complete the task. 



Model 2 has these general characteristics: 

• The unit contains only one meaningful-use task. In the primary 
grades, an extending and refining activity (Dimension 3) may be used 
instead because this kind of activity is usually more appropriate for 
young students. 

• Acquiring and integrating declarative and procedural knowledge 
is a secondary goal in the unit. 

• Extending and refining activities are frequently deemphasized 
(unless one is selected as the focus of the unit in the primary grades). 

Model 3: Focus on Student Exploration 

Model 3 most closely resembles the developers? original concept of 
the workings of the Dimensions of Learning framework. As in model 1, 
the teacher first identifies the declarative and procedural knowledge 
(Dimension 2) that will be highlighted in the unit. She also identifies 
the extending and refining activities (Dimension 3) that will reinforce 
that knowledge. In a departure from both models 1 and 2, however, the 
teacher does not identify a meaningful-use task (Dimension 4), but asks 
students to select their own tasks, or projects, for making meaningful 
use of knowledge. The teacher *s job is to assist students in choosing a 
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project. Although these projects will certainly be related to the declara- 
tive and procedural knowledge the teacher has identified, the teacher 
does not try to force a close fit, but encourages students to explore issues 
and interesting questions that arise naturally in the unit. In effect, 
students have the freedom to study issues that are beyond the scope of 
the declarative and procedural knowledge identified by the teacher. 
Using this model, the planning process might be depicted in the follow- 
ing way: 



Step ni 

Identify the declarative and procedural knowledge (Dimension 
2) to be highlighted in the unit. 

I 

Step #2 

Identify extending and refining activities (Dimension 3) that 
will help students understand the declarative and procedural 
knowledge. 

I 

Step ns 

Identify ways to help students select meaningful-use tasks 
(Dimension 4). 



Model 3 has these general characteristics: 

• The types of meaningful-use tasks or projects undertaken by 
students are very diverse. 

• A greater proportion of class time is devoted to these projects 
(Dimension 4) because students develop their own. 

In choosing which of the Dimensions planning models to use, some 
teachers look at how well each model helps them achieve specified 
"outcomes." 

How the Models Relate to Expected Outcomes 

Many schools and districts are moving toward an outcome-based 
approach to schooling. As Spady (1988) notes, an obvious way to increase 
the probability that students will acquire the knowledge, skills, and 
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attitudes necessary for success in the information age is to specify such 
"outcomes" (knowledge, skills, and attitudes) and orient curriculum, 
instruction, and assessment toward them: 

By designing our educational system to achieve clearly defined 
outcomes, we will free ourselves from the traditional rigidity of 
schools and increase the likelihood that all students will learn 
(Spady 1988, p. 4). 

Although not formally a part of the outcome-based education 
(OBE) movement, the Dimensions of Learning model is very compatible 
with it. In fact, Spady frequently cites the Aurora Public Schools in 
Aurora, Colorado, as an example of OBE in action , and the Aurora Public 
Schools use Dimensions of Learning as one of their basic instructional 
programs. 

In simple terms, an outcome is a clear statement of what a school 
or district expects a student to do or know when instruction is complete. 
From an outcome-based perspective, then, the initial test of how well a 
unit has been planned is the extent to which the teacher can answer the 
question "What are the expected outcomes of this unit?" Although all 
three planning models are fairly flexible in terms of the outcomes they 
can address, each lends itself more strongly to certain types than to 
others. Model 1 is suited to a more traditional approach, in which the 
expected outcome is a mastery of the knowledge and skills indigenous 
to specific content areas. Model 2 lends itself to outcomes that deal more 
with the application of knowledge to large issues or topics that are often 
interdisciplinary in nature. Finally, Model 3 lends itself to outcomes 
geared toward individualized learning and the enhancement of self-di- 
rected learning. 

Regardless of the planning model used or the outcomes identified, 
the true artistry involved in using the Dimensions of Learning frame- 
work resides in the sequencing of learning activities. The diversity of 
instructional activities implicit in the Dimensions framework calls for a 
variety of instructional models, two of which are particularly suited to 
Dimensions, presentation classes and workshop classes. 

The Dance Between Presentation 
and Workshop Classes 

Asuccessful unit of instruction can be seen as a dance between two 
types of classes; presentation classes, where the teacher charts the 
direction of learning, and workshop classes, where students have more 
control over their learning. 
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Presentation Classes 

Presentation classes are geared t - , stu onts acquire 

and integrate new knowledge (Dimensi ' ad and refine that 

knovviedge (Dimension 3). It is impoi . station classes not 

be associated with a didactic approach ,n in9 Although the focus 

of learning in this kind of class is directc teacher, the act of 

learning is still highly constnactive and leamer-centered. If you review 
some of the instructional activities descrik^d in Chapter 3, youll see that 
the techniques for helping students construct, organize, and store 
knowledge assume that students must initially construct meaning using 
their prior knowledge. Students must arrange information in ways that 
are personally relevant, and elaborate on information in personal and 
meaningful ways. Similar^/, the techniques for helping students build 
models and shape and f^ternalize procedural knowledge force the 
learner to use prior knowledge to acquire and integrate this new infor- 
mation. The techniques used to help students extend and refine their 
knowledge, as described in Chapter 4, are also highly constructive in 
nature. Curricular focus and teacher direction, then, do not necessarily 
imply didactic instruction. 

Atypical presentation c' iss has some, but not all, of the charac- 
teristics of the methodologies described by Hunter (1984) and Rosen- 
shine (1983, 1986). For example, a presentation class usually begins 
with some type of anticipatory set: an activity that helps students 
develop interest in the learning experience. Similarly, a presentation 
class commonly ends with some type of closure activity in which students 
summarize what they have learned. 

Additionally, regardless of what type of information is emphasized 
(declarative or procedural) or what phase of learning is addressed, 
presentation classes involve some clear modeling of the processes in 
volved. For example. If the focus of the presentation class were on 
organizing information from a field trip, the teacher might demonstrate 
the use of a particular graphic organizer. In short, presentation classes 
commonly include activities that perform the following functions: 

• Help stimulate interest in the topic 

• Relate new information to existing information 

• Provide clear goals and directions 

• Demonstrate or model important activities 

• Provide closure 

These five functions do not have to be part of every presentation 
class, nor do they have to be performed in a set order. Over the course 
of a unit, however, they should be systematically addressed. 
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Workshop Classes 

The workshop approach is firmly established within what might 
be loosely called the Vriting process" and the "whole-language" move- 
ments. Atwell (1987) and Hans. > (1987) have detailed the uses of 
writing and reading workshops across a variety of grade levels. What 
has not been well articulated, though, is how the workshop approach 
can be used with processes other than reading and writing: processes 
such as decision making, investigation, experimental inquiry, problem 
solving, and invention used across various content domains. 

The structure of the workshop approach makes it an ideal tool for 
facilitating the more student-directed activity of using knowledge in 
meaningful ways (Dimension 4). Generally, a workshop class has three 
parts: a mini-lesson, an activity period, and a sharing period. Each of 
the components of the workshop has a specific function. 

The mini-lesson. As its name implies, the mini-lesson is short 
(five to ten minutes). For the most part, it is a time for the teacher to 
provide guidance and assistance as students work on projects (i.e., tasks 
that require them to use knowledge meaningfully). At first a teacher 
might use the mini-lesson to help students select or construct their 
projects. Recall that Ms. Conklin pLnned to give students a choice of 
two projects for the unit on weather. She also planned to encourage 
students to create their own projects, using mini-lessons in the first few 
workshops to model how to construct an invention task and an experi- 
mental task using information from the unit. 

Once students have selected or constructed their own projects, the 
mini-lesson is used to provide students with resources. For example, Ms. 
Conklin planned to use the succeeding mini-lessons to present various 
strategies of hypothesis testing for students* experimental inquiry pro- 
jects, and to guide btudents to resources they could use in their invention 
projects. The mini-lesson, then, is a vehicle for teacher^ direct input into 
student projects. 

The activity period. An activity period is a block of time (twenty 
to forty-five minutesj in which students work individuaUy, in pairs, or 
in small groups on their projects. For example, during an activity period 
in Ms. Conklin's class, one or two small groups of students might be 
involved in the invention task she has suggested while other students 
work independently on their own invention projects. Other groups might 
work cooperatively on experimental inquiry projects while still other 
students conduct individual experimental inquiry projects. 

While studoits work on their projects, the teacher's main function 
is to "conference** with individual students. Conferencing (described in 
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detail in a subsequent sectionals at the heart of the workshop approach, 
because it allows the teacher to establish a relationship of coach and 
coworker with students that is difficult (perhaps impossible) to establish 
in presentation classes. Presentation classes are meant tr focus on 
rather specific learning objectives that require a good deal of teacher 
orchestration, whereas workshop classes are devoted to student pro- 
jects, which by definition require the teacher to turn over control to the 
students. This doesn't mean that students are set adrift. Rather, the 
teacher now functions as coach, pointing out possible pitfalls, steering 
each student toward useful resources and, quite frequently, puzzling 
with a student over some sticky pro^^^m that has arisen within a project. 
Of course, in this new a:rangems student and teacher need time to 
interact on a one-to-one basis, a requirement that is fulfilled by confer- 
encing. 

If conferences are kept short (five to ten minutes per student), a 
teacher can move efficiently through the class. For example, assuming 
workshop activity periods last an average of twenty-five minutes and 
conferences an average of five minutes, during each workshop r .eacher 
can meet with five students. Assuming that there are thirty students in 
a class, a teacher can meet with each student every six v/orkshops. Of 
course, a teacher can see more students in a workb'iop by reducing the 
amount of time for each conference or by increasing the amount of time 
for the activity period. And if students are working on a project as a 
cooperative group, a teacher might meet with the entire group, thus 
significantly decreasing the average per pupil conference time. 

The sharing period. The sharing period of a workshop is quite 
short, usually only five to ten minutes. During this time, students 
discuss a variety of topics, ranging from insights to problems to strate- 
gies. For example, one student might describe how his awareness of a 
topic has grown as a result of his invention task. Another student might 
describe a problem he is having on his project and ask for help. And 
another might describe a new way she has found to test hypotheses in 
experimental inquiry tasks. The hallmark of sharing period is that the 
students and teacher freely discuss their learning as students work on 
their projects. 

Figure 7.2 shows one way of conceptualizing the three parts of a 
workshop class. 

LEARiNiNC Logs in the Workshop 

The workshop approach, particularly the act of conferencing, is 
greatly enhanced if students are encouraged to use learning logs. A 
learning log as described in this model might be considered a type of 
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journal. Atwell (1987), Calkins (1986), and Macrorie (1984) have de- 
scribed the use of journals in the classroom. A learning log is usually 
nothing more than a spiral notebook in '^hkh students record a variety 
of types of responses. These responses serve several purposes: 

• Allowing students to express thoughts and ideas they would 
otherwise not get to express. 

• Providing students and the teacher with a record of student 
thinking throughout a project. 

• Providing students and the teacher with an arena for dialogue 
about the habits of mind. 

• Providing students and teacher with an arena for dialogue about 
content. 

Tb ensure a variety of responses, teachers should ask students to 
make two basic types of responses in their learning logs, free responses 
and structured responses. 

FIGURE 7.2 
A Workshop Class 
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Free responses are just that: responses in which students are asked 
to record anything that seems important to them. This type of response 
can be likened to what is referred to as an "expressive" response. 
Drawing on Sapir's (1921) notion of '^expressive speech,"" Briton and his 
colleagues (Britton, Burgess, Martin, McLeod, and Rosen 1975) coined 
the term expressive writing. They state that expressive writing is 
"self-expressive" or "clos e to the self." It "reveals the speaker, verbalizing 
his consciousness" (p. 90). Discussing the importance o^ expressive 
writing and the extent to which it was found in a major stucfy, Tbby 
Fulwiler notes: 

Expressive writing often looks like speech written down and is 
usually characterized by first-person pronouns, informal style and 
colloquial diction. [In a large scale study of the types of writing done 
in secondary schools] it accounted for 5.5% of the total sample 
collected, with no evidence of its use outside of English classes 
(Fulwiler 1986, p. 24). 

Fulwiler goes onto say that the low percentage ofexpressive writing in 
the English classroom and its total absence in other classes attests to 
the lack of importance given to student self-expression and student 
self-inquiry that are at the core of effective learning. 

Free response writing, then, encourages students to put whatever 
thoughts they wish on paper — to put words to their experiences so they 
can better understand themselves. Figure 7.3 shows examples of free 
responses a student might record in her journal. 

Structured responses are so called because the teacher guides 
students to particular types of responses through queries or "probes." 
(Recall that Ms. Conklin used probes in her planning for Dimension 5.) 
A probe is nothing more than a question the teacher asks students to 
respond to in their learning logs. In general, three types of probes are 
used in structured responses: probes about student projects, probes 
about students' use of the habits of mind, and probes about students' 
progress on the content. 

Probes about student projects ask students to report on: 

• Their progress on their project: "Describe where you think you 
are in your project.** 

• What they will do next on their project: **\Vhat are the next steps 
you will take on your project?" 

• Problems they have had, or are having, with their project and the 
solutions they have found; "'What is one major problem you have had 
with your project and how did you solve it?" or 'What is one major 
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problem you are having with your project and how do you plan to solve 
it?" 

• Conclusions they have reached about themselves or the content 
as a result of the project: "What is one major insight you have had about 
the content as a result of your project?" or "What is one major insight 
you have had about yourself as a result of your project?"* 

Probes about students' use of the habits of mind ask students to: 

• Describe specific situations in which they have usedorcould have 
used one or more of the habits of mind: "Describe how you have used or 
could have used the critical-thinking habit of mind of seeking accuracy." 



FIGURE 7.3 
Student's Free-Response Journal Entry 
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• Evaluate their use of one or more of the habits of mind: "Evaluate 
how well you have been doing on the self-regulatory mental habit of 
planning.*' 

• Describe how they plan to use one or more of the habits of mind: 
"Describe how you will be using the creative-thinking mental habit of 
seeing things in new and unusual ways." 

Probes about content ask students to do the following: 

• Describe their confusions about the content: **What are some of 
the things you have been confused about in class?" 

• Describe their confidence in their knowledge: "How do you feel 
about what we're learning? Do you think you're doing well?" 

lb explore how these probes might be used, consider Ms. Conklin s 
weather unit. On Monday of a given week, Ms. Conklin might ask 
students to make a free response in their learning logs simply by s ing, 
**This is free response time; please write something in your logs." On 
Tuesday, she might orchestrate a structured response about student 
projects by asking, *Whaf s the biggest problem you are ha\ing right now 
in your project?" On Wednesday, she might use a probe that elicits a 
response about students' use and understanding of one of the habits of 
mind that are the focus of the unit: "Explain what you have been doing 
to use resources more effectively." Finally, on Thursday she might use a 
probe dealing with content: "What are you most confused about so far?" 

Tb interpret student journals, Ms. Conklin would keep a record of 
the types of responses students made and the exact probe questions that 
she used: 

• Monday free response 

• l\iesday probe about projects: "What is the biggest problem 
you are having?" 

• Wednesday probe about habit of mind; 'Txplain what you 
have been doing to use resources more effectively." 

• Thursday probe about content: "What are you most confused 
about so far?" 

With this record, Ms. Conklin would be well equipped to confer xiih 
students. 

POHTFOUOS IN THK WOHKSHOH 

Portfolios are another type of record that fits well in the v/orkshop 
approach. Their utility in language arts classes has Deen widely praised 
(Tierney, Carter, and Desai 1991; Goodman, Goodman, and Wood 1989; 
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Harp 1991). Their use in classes that are not focused on the writing 
process is not so well documented. In the Dimensions of Learning model, 
portfolios are basically repositories for students' finished and unfinished 
work: 

• The products of completed projects 

• Artifacts 

• Incomplete projects 

• Tests 

• Ideas for new projects 

For example, a student nii^ht put his audiotaped report for a 
specific project in his portfolio along with two tests on which he per- 
formed particularly well. He might also include a poem written to 
represent an aesthetic experience associated with a project. Finally, he 
might keep a list of projects that he'd like to do. Portfolios encompass 
more than a single units work; they represent student achievemert 
across units and, ideally, across content areas. Portfolios are now being 
used as an alternative method of assessment, primarily in writing 
instruction. From the Dimensions of Learning perspective, they can be 
used as powerful evaluative tools across all content areas. 

CONFKRKNCING IN TUK WORKSHOP 

For the most part, while students are working on projects during 
the activity period of a workshop class, the teacher is conferencing with 
individual students or groups of students. As stated earlier, conferencing 
is the heart of the workshop approach because it allows for the one-to- 
one interaction between student and teacher that can drastically change 
the role of both. Although every conference has one basic function — to 
establish a line of communication betv^een teacher and student — it is 
useful to think about three different focuses that might be used: habits 
of mind, projects, and content. 

Habits of Mind Focus. When the focus is on habits of mind, the 
purpose of the conference is to reinforce the use and development of the 
mental habits of self-regulation, critical thought, and creative thought. 
The materials and information emphasized in this type of conference 
are the sections of the learning logs in which students have recorded 
free responses that may touch on the habits of mind, and structured 
responses that relate directly to the habits of mind. In this conference, 
the teacher and student interact in three ways: 

• The teacher notes positive instances of the students use of the 
habits of mind. 
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• The teacher notes negative instances of the student s use of the 
habits of mind. 

• The teacher and student develop strategies for working on spe- 
cific habits of mind. 

For example, Ms. Conklin might say, "Mary, IVe noticed that you're 
really trying to be accuratelately, particularly when you. . . She might 
also comment on Mar/s not using the mental habits. "I think yoc missed 
an opportunity the other day, though, to use the mental habit of being 
precise when you were. , . 

Besides noting how students have used or not used the habits of 
mind, the teacher can also help students create pla^ 5 for increasing their 
proficiency in using a specific mental habit, ror example, if a student 
says she wants to improve her use of one (or more) of the habits of 
creative thinking (e.g., engaging intensely in tasks even when answers 
or solutions are not apparent), the teacher might suggest specific situ- 
ations in which the mental habit might be most useful (e.g., while 
studying for a particularly difficult test) and specific strategies that 
could be used to enhance the disposition (e.g., when you find yourself 
getting frustrated, stop working for a while and try to refresh yourself; 
when your energy picks up, then return to your studies). After estab- 
lishing an action plan for aspecific mental habit, the teacher and student 
might set a date for another conference in which to consider the progress 
made on the goal. 

Project Focus, When a conference focuses on projects, its purpose 
is to provide guidance for students* work on their projects, thus the 
conference naturally revolves around the sections of the learning logs in 
which students have written free responses about their projects and 
structured responses to probes from the teacher about their projects. 
The teacher and student discuss progress on the project and any prob- 
lems the student might be having. Then they jointly plan next steps for 
the project. For example, a student might describe her difficulty in 
setting up an experiment to test her hypothesis for an experimental 
inquiry project. The teacher would then help the student devise an 
appropriate experiment. The conference is also used to provide guidance 
about what resources are necessary to complete the project. The teacher 
might point the student to a particular book or person who can help her 
with the next phase of the project. Within the framework of the confer- 
ence, teacher and student become partners in pursuit of a shared goal. 

Content Focus. The purpose of a conference with a content focus is 
for the teacher and student to talk about content in a nonthreatening, 
ponevaluative way. What's important here are responses to content 
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probes in student learning logs. Using this information, a teacher and 
a student might discuss any confusions or concerns the student has. For 
example, based on an excerpt in the studentfs learning log, Ms. Conklin 
might say, "Juanita, you say in your learning log that you're having 
trouble understanding the concept of air pressure. How can I help you 
out?" 

Given the limited amount of time a teacher has to meet with 
students, it is unrealistic to expect that an entire conference v!\\\ be 
devoted to the habits of mind, projects, or content. Rather, within a 
single conference a teacher might have two or three focuses. When these 
shifts in emphasis are made, however, the teacher should communicate 
them to students so that the purpose of the interaction is clear to both 
teacher and student. 

The Role of Reciprocity, The habits of mind conference, the project 
conference, and the content conference are all highly personal experi- 
ences, lb be fully successful, they require openness and personal disclo- 
sure not only from students but also from teachers. I recommend that 
teachers also keep a learning log. Then, during habits of mind confer- 
ences, the teacher can share insights about herself and about her 
progress in cultivating a particular habit of mind (e.g., "I notice that 
you've been trying to improve your ability to hang in there when you 
can't find an answer or solution. I've been working on the same mental 
habit. Let me tell you what I've noticed about my behavior. . . ."). This 
reciprocity of openness and disclosure can help change the traditional 
relationship between teachers and students. Atwell (1987) asserts that 
it is reciprocity that breaks down the current ineffective learning struc- 
ture in which the teacher is viewed as the presenter of information and 
students as the receivers of information. 

Choreographing the Dance 

It is important that presentation classes and workshop classes 
support each other. Specifically, it is important that in any unit of 
instruction the presentation and workshop classes be staggered. Figure 
7.4 shows Ms. Conklin's arrangement of presentation and workshop 
classes for the weather unit. Ms. Conklin has decided to have nine 
workshop classes over four weeks' time. (Note that one workshop will 
last only a half-period.) Most of the presentation classes occur at the 
beginning of the unit, and workshop classes become more frequent as 
the unit progresses. This is because students need a certain amount of 
information befoie they can effectively direct their own projects. Over 
time, the emphasis in a unit of instruction gradually shifts to the use of 
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Arrangement of Classes for the Weather Unit 
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knowledge. Staggering presentation and workshop clasbes maximizes 
the opportunities for providing guidance and direction for student pro- 
jects and reduces the likelihood of boredom. 

Assessing the Dimensions of Learning 

No instructional model would be complete without thoroughly 
addressing the issue of assessment, in terms of both what is assessed 
and how it is assessed. A growing body of research indicates that 
assessment drives instruction, which in turn drives learning (Prederik- 
sen and Collins 1989). For example, in a study of academic learning in 
the United States, Doyle (1983) concluded that students learn best what 
is assessed. Shepard (1989) echoes that the nature of tests and the 
import given to them causes educators to adjust instruction to fit the 
test; after reviewing the research in the testing field, she concluded that 
there is ample evidence to validate the principle that tosting shapes 
instruction. 

In and of itself, the tendency of testing to shape instruction and 
learning is not negative. It is the type of testing that is most heavily 
wtiighted and commonly used in education, namely standardized tests, 
that is worribume. Standardized tebts generally measure mental abili- 
ties that have been referred to as "lower order" in nature. In the 
Dimensions of Learning termmolog}, they tend to measure students* 
ability to acquire and integrate information, not to extend and refine it 
or to use it meaningfully. In a scries of studies conducted on two 
otandardized test batteries, my colleagues and I found that the tests 
fucu&ed on the ability to recall and recognize factual information, not on 
thti ability to use or appl> know ledge (Marzano and Costa 1988, Marzano 
and Jesse 1987). Similar conclusions have been reportedby maiiy other^ 
iCare} and Shavelson 1989, Frederiksen and Collin& 1989, Shepard 
1989). 

If we expect students to honor the five dimensions of learning, we 
must assess students use of the dimensions-or at the ver> least, 
comment on their use. The specifics of how each dimension can be 
as&essed are addressed in depth in ihiiDimaibioub of Learning Tkachcr's 
Manual. Briefly, though, a teacher might use all of these types of 
information to assess the five dimensions: 

• Direct observation of student behavior 

• Regular classroom tests 
Student self-reports 

• Free responses and answers to probes in learning logs 

• Products of students* long-term projects 
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Deciding which of the dimensions of learning to concentrate assess- 
ment on is a major decision the teacher must make. Those of us who 
developed the Dimensions model are strongly biased toward emphasiz 
ing Dimension 4, the meaningful use of knowledge. As mentioned 
previously, according to NAEFs twenty-year summary of performance 
in reading, writing, mathematics, science, U.S. history, and civics, 
American students score well on tests that ask them to recall factual 
information and perform basic content area skills and processes; that is, 
they perform adequately in Dimension 2, acquiring and integrating 
procedural knowledge (Mullis et al. 19B0). But American students do not 
perform well on tests that ask them to extend and refine knowledge 
(Dimension 3) or use knowledge meaningfully (Dimension 4). If assess- 
ment drives learning, then learning in Dimensions 3 and 4 can only be 
improved if assessments emphasize these dimensions. Fortunately, the 
"authentic assessi^^ent" movement advocates exactly this kind of assess- 
ment. 

Authentic Assessment 

The need for authentic assessment is being championed by Wiggins 
(1989) and many others (Archbald and Newmann 1988, Frederiksenand 
Collins 1989, Shepard 1989). Wiggins says that if our interest is in 
evaluating students' abilities to think critically, write graceful prose, and 
solve real scientific or historical problems, then our tests should ask 
students to explore literature, write thoughtful and readable prose, and 
do laboratory or primary-source research. He proposes that such efforts 
be standard in large-scale assessment. As evidence that such a proposal 
is feasible, Wiggins cites Great Britain's plan to assess all students 
between ages seven and sixteen using a variety of tasks that more 
overtly require the display of such competence. And he asserts that the 
current rethinking underway in assessment design is best described as 
a shift to more authentic assessment tasks. 

It is no coincidence that the examples of authentic tasks alluded to 
by Wiggins strongly resemble the types of meaningful-use tasks de- 
scribed in the chapter on Dimension 4. The meaningful-use tasks in 
Dimension 4 are for the most part "authentic" tasks. That is, decision 
making, investigation, experimental inquiry, problem solving, and in- 
vention are tasks people usually pursue in their day-to-day living. And 
the meaningful-use tasks of Dimension 4 commonly incorporate many 
nf the extending and refining mental operations described in Dimension 
3 As a learner works through an experimental inquiry task, she quite 
naturally induces and deduces. As she works through a decision-making 
task, she quite naturally compares and classifies, and so on. This implies 
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tnat the meaningful use tasks should drive assessment in any unit of 
instruction. Although all the dimensions can be assessed, the meaning- 
ful-use tasks should receive the most attention. 

One way of acting on this principle is to use an assessment profile 
like that in Figure 7,5 on pages 174 and 175, which Ms. Conklin has 
decided to use. Note that she has weighted the specific aspects of 
experimental inquiry that she %vants to emphasize. She has also 
weighted specific aspects of the other foi^^dimensions. Presumably, Ms. 
Conklin would assign these weights prior to starting the unit and 
communicate her emphasis to students so that they might know what 
she considers important. At the end of the unit, Ms. Conklin would then 
assess each student on the aspects of the five dimensions that she had 
selected. This figure is a completed evaluation form, showing the evalu- 
ation points, how those points are weighted (1 = not very important, 2 
= important, 3 = very important), and the final score for each aspect of 
the dimensions (i.e., evaluation points multiplied by weight). 

One of the most powerful features of an assessment profile is that 
it allows teachers to better quantify student performance. The issue oi 
quantifying performance— assigning scores and grades— is a hotly con- 
tested one. 

Scores and Grades 

Some theorists believe that quantification and grading are incom- 
patible with authentic assessment, particularly where portfolios are 
concerned. For example, Tierney, Carter, and Desai (1991) say "We 
would prefer that portfolios w^re not scored or graded, but that students* 
efforts be evaluated through descriptions that illustrate individual 
strengths and weaknesses" (p. 147). The developers of the Dimensions 
of Learning model would tend to agree. 

Most educators realize, however, that the public's demand to see 
scores and grades will not soon diminish. In the interim, before qualita- 
tive assessment is widely accepted, the best alternative is to spread 
scores and grades across multiple aspects of performance. In fact, 
Tierney, Cartel-, and Desai acknowledge this need: "If they [portfolios! 
are graded, we would like to see multiple grades differentiating a variety 
of aspects of student achievement, effort and goals" (p. 147). The assess- 
ment profil' in Figure 7.5 provides for such varied emphases. For 
example, I.ls. Conklin has decided to assess four of the five dimensions, 
concentrating on Dimension 4. In the Dimensions of Learning model, 
quantification does not have to be synonymous with focusing on lower- 
order knowledge and skills. Multiple aspects of student learning can be 
incorporated into a score, thus sending a powerful message to students 
while attending to the public*s need for scores and gi-ades. 
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FIGURE 7.5 
An Assessment ProHle 
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FIGURE 7.5 
An Assessment Profile 
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Writing, Speaking, and Symbolizing 
Across the Curriculum 

Although not explicit in the Dimensions model, communication is 
central to using the dimer sions in the classroom. In fact, the Dimensions 
model incorporates three major movements in education, each of which 
deals with a specific type of communication. One of the most powerful 
movements emphasizes "writing across the cumculum"— that is, in all 
subject areas (Martin 1987, Young and Fulwiler 1986). "Speaking across 
the curriculum," or developing oral communication skills across the 
curriculum, is supported by a powerful research base. Cazden ( 1986) has 
pointed out that much of the research in this area confirms that oral 
language is not only the primar>' method of communicating information 
in the dassroom, but also a primary factor in establishing the climate 
in which instruction occurs. Still, the level of commitment from educa- 
tors lags behind that for writing across the curriculum. Perhaps the least 
well-known communication movement in education, however, is that 
aimed at increasing the use of symbolism across the curriculum. This 
effort comes primarily from the field of mathematics. Specifically, the 
Mathematical Science Education Board (1990) explains that the use of 
symbolic thinking should be a m^jor gcr-! of mathematics education. 

Because writing, speaking, and symbolizing are types of commu- 
nication, they are all influenced by audience. In general, audience can 
be thought of as a continuum that runs from self to colleagues to the 
general public. When the audience for the communication is self, the 
writing, speaking, or symbolizing is subjective and idiosyncratic, A 
student can use or not use any convention he wishes, since the commu- 
nication is meant for his eyes only. When the audience is colleagues, the 
writing, speaking, or symbolizing must be somewhat more formal, 
though not as formal as communication meant for the general public. It 
is important to note that the teacher is usually considered a colleague 
or coworker. Hence, when writing, speaking, or symbolizing is intended 
for the teacher only, it is legitimate and, in fact, advantageous to relax 
expectations about meeting conventions. When the audience is the 
general public, the tone is formal and, consequently, formal conventions 
should be followed and the product (i.e., the essay, speech, graph, chart, 
etc.) should go through successive drafts to ensure high quality. 

Figure 7.6 lists various types of written, spoken, and symbolic 
products that might be used in a unit of instruction and the effects of 
audience on these products. All three types of communication listed in 
Figure 7.6 are facilitated by the Dimensions model, particularly those 
in the third column. Specifically, the emphasis in Dimension 4 on 
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FIGURE 7.6 

Types of Written, Spoken, and Symbolic Products 
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Note: This chart was developed by members of the Dimensions 
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creating products to accompany meaningful-use tasks encourages the 
use of most, if not all, of the items listed in column 3. For example, as a 
result of a decision-making task, a student might decide to communicate 
orally via a panel discussion, or he might elect to communicate in written 
form through a well-crafted outline. Or he might decide to communicate 
symbolically through a picture or graphic organizer. Finally (and pref- 
erably), the student might elect to use a variety of communication modes 
that cut across all three categories. 

The emphasis in Dimension 4 on products also facilitates the use 
of the items in column 2 of Figure 7.6, since most of these are rough 
drafts of the items in column 3. And the emphasis in the Dimensions 
model on group activities and conferencing encourages the use of many 
of the items in columns 1 and 2. Communication, then, in all three 
modes— writing, speaking, and symbolizing— for a variety of audiences 
is an important theme within the Dimensions model. 

Cooperative Learning Across the Curriculum 

Cooperative learning is another powerful innovation that is im- 
plicit in the Dimensions of Learning model. Davidson and Warsham 
(1992), Slavin (1983), and Johnson, Johnson, Roy, and Holubec (1984) 
have developed comprehensive descripcions of cooperative learning. 
Although cooperative learning can be used to enhance all the dimen- 
sions. Dimensions 4 calls for its use most strongly- As described in 
Chapter 5, one of the msgor decisions in planning for the meaningful use 
of knowledge is whether students will work in cooperative groups. The 
meaningful-use tasks (decision making, investigation, experimental 
inquiry, problem solving, and invention) are probably done more effi- 
ciently by a cooperative group than by an individual, simply because the 
tasks are so taxing in terms of the knowledge and ability they require 
to be effectively completed. For instance, all require gathering a lot of 
information, and a cooperative group can naturally gather more infor- 
mation than an individual. Additionally, a long project can easily ex- 
haust the energy and resources of one person, whereas the energy and 
resources of a cooperative group will rarely be insufficient to complete 
lengthy tasks. In short, the very nature of meaningful-use tasks calls 
for the knowledge, ability, resources, and energy available in coopera- 
tive groups. 

When meaningful-use tasks are performed in cooperative groups, 
they promote two important aspects of cooperative learning, group 
reward and task specialization. Group reward means that the reward 
for each member of a group dej. .ds on all members' learning and 
performance in completing the task (Slavin 1983). Slavin notes that 
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group rewards based on every group member's performance increase 
instructional effectiveness because such rewards are likely to motivate 
students to do whatever is necessary to make it possible for the group 
to succeed, because no individual can succeed unless the group succeeds. 

Slavin also describes the importance of task specialization. Task 
specialization inherently enhances the quality of the meaningful-use 
tasks because it maximizes theknowledge, ability, resources, and energy 
available for each component of the task. Where one student might not 
have the knowledge necessary to complete a component of an experi- 
mental inquiry task, another would; where one student might not have 
the ability to set up an experiment within such a task, another v^ould. 
Slavin (1983) notes that for task specialization to be effective, each 
member of the group must have a specific part of the task to do, group 
members must depend rn one another, and members should not be able 
to easily substitute for one another in completing the task. 

Dimensions of Learning as a Tool for Restructuring 

This book began with a call from the U.S. Deputy Secretary of 
Education to get to the ''heart of the mz tter" of education al reform. The 
Dimensions of Learning model is meant as a tool— arguably the most 
powerful tool— for bringing about substantive change in schools. When 
used in earnest by teachers, administrators, and curviculum developers, 
it produces compelling results. 

Teachers who use the Dimensions model help students direct their 
own learning by including at least two distinct types of instruction in 
their classes—one that is more teacher-directed and one that is more 
student-directed. In doing so, they use a wide variety of teaching 
strategies that give students varied learning experiences. And they 
assess their students in ways that are more authentic than those 
currently used in most schools. Planning under the Dimensions frame- 
work is both systematic and creative, extending far beyond a simple 
review of the next chapter in the textbook. 

Administrators who use the Dimensions model find that they must 
look at a much broader context for supervision. A single lesson is no 
longer an accurate representation of what occurs in the classroom. Given 
the diversity of activities in a unit designed according to the Dimensions 
model, accurate supervision necessarily includes d sampling of presen- 
tation and workshop classes at the beginning, middle, and end of a unit. 
Moreover, the emphasis in the Dimensions model on five distinct types 
of thinking forces administrators to focus on student behavior rather 
than teacher behavior as the ultimate source of information regarding 
the effectiveness of what is happening in the classroom; that is, admin- 
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istrators must look primarily to students for evidence of the five types 
of thinking and secondarily to teachers for behaviors that elicit the five 
types of thinking. 

Curriculum developers who use the Dimensions model must take 
a much broader view of the ultimate goals of schooling. Explicit in the 
model is an emphasis not only on content but also on the attitudes, 
perceptions, and mental habits necessary to be a self-directed learner. 
Curriculum design, then, from the Dimensions perspective, must in- 
clude not only a robust notion of content but a holistic view of the learner. 

Learning is a complex process that we may never fully understand. 
But the work of cognitive researchers has certainly given us a far better 
understanding than we had twenty or thirty years ago. The problem is 
that this understanding rarely crosses over to what happens in most 
American classrooms. Although there has been piecemeal change, our 
education system is still based on outmoded ideas about learning; as a 
result, it ultimately fails to prepare many students for the modem world 
they will live in— a world that will arguably require a lifetime of 
learning. It's not too late for change, though. By systematically findnig 
out about the dimensions of learning and applying what we learn, we 
can transform schools into true centers of learning in which students 
develop the kinds of thinking that will enable them to lead rich and 
productive lives. 
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Current ASCD Networks 

❖ 



ASCD sponsors numerous networks that help members exchange 
ideas, share common interests, identify and solve problems, grow 
professionally, and establish collegial relationships. The following 
networks may be of particular interest to readers of this book: 



Authentic Assessment 

Contact: Albert Koshiyama, Administrator, School Interventions Unit, 
California Dept. of Education, 502 J St., Sacramento, CA 95814-2312. 
TEL (916) 324-4933 FAX (916) 327-4239 



Clearinghouse for Learning/Teaching Styles and Brain 
Behavior 

Contact: Lois LaShell, Director, Educational Outreach, Antioch 
University, 1050 President St., Yellow Springs, OH 45387. 
TEL (513) 767-7331, x231 FAX (513) 767-1891 



Cooperative Learning 

Contact: Harlan Rimmerman, Director, Elementary Education, 
Kansas City, Kansas, Schools, 625 Minnesota Ave., I^ansas City, KS 
6610L TEL (913) 551-3200 FAX (913) 551-3217 



Invitational Education 

Contact: Dean Fink, Superintendent of Instructional Services, Halton 
Board of Education, 2050 Guelph Line, P.O Box 5005, Burlington, 
Ontario, CANADA. TEL (416) 335-3663 FAX (416) 335-9802 
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Learning Community 

Contact:?. James Clatworthy, School of Education, Oakland 
University, Rochester, MI 48309-4401. TEL (313) 370-3052 
FAX (313) 370-4202 

Network for Restructured Schools 

Contact: Florence Seldin, Center for Field Service and Studies, 
University of Massachusetts-Lowell, One University Ave., 
Lowell, MA 01854. TEL (508) 934-4601 FAX (508) 934-3005 

Student Empowerment for Lifelong Learning 

Contact: Diane Cardinalli, 71781 San Gorgonio, Rancho Mirage, CA 
92270. TEL (619) 346-8187 

Teaching Thinking 

Contact: Robin Fogarty (re: newsletter), Skylight Publishing, Inc., 200 
East Wood St., Suite 250, Palatine, IL 60067. TEL (708) 991-6300 
FAX (703) 991-6420; Esther Fusco (re: events), 24 Hopewell Dr, 
Stony Brook, NY 11790. TEL (516) 661-5820 FAX (516) 661-4886 
(please call first if sending via FAX) 

Thinking Assessment 

Contact: Sally Duff, Maryland Center for Thinking Studies, Coppin 
State College, 2500 West North Ave., Baltimore, MD 21216. 
TEL (301) 396-9362 or 9206 
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Restructuring is 
one of the hottest 
words in educa- 
tion today. And 
Robert Marzano 
brings it into the 
classroom — 
where it belongs. 
In this book, he de- 
scribes the Dimensions of 
Learning Program, a com- 
prehensive K-12 instruc- 
tional framework that 
teachers can use to improve 
the way they plan instruc- 
tion, design curriculum, and 
assess student performance. 
Based on the best of what 
researchers have found out 
about how children learn, 
Dimensions provides teach- 
ers with the tools for build- 
ing a truly learning-centered 
approach to schooling. 
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